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Macrofauna abundance has been quantified across the
Breistroffer interval (OAE 1d, Latest Albian) in the Vocon-
tian basin (southeast France). This interval is character-
ized by a high abundance of ammonoids showing signifi-
cant morphologic disparity. Twenty ammonoid genera are
recognized and assigned to seven morphostructural groups.
The aims of this study are to: (1) interpret abundance vari-
ations of ammonoid taxa in terms of taphonomic processes,
sedimentary dilution, and paleoenvironmental factors; and
(2) discuss the habitat and mode of life of some Late Albian
ammonoids with respect to their morphology and abun-
dance variations.

Most variations in ammonoid absolute abundance are
not the result of post-mortem shell transport. High abun-
dance within the Breistroffer interval is due partly to a low
accumulation rate, which is related to a maximum-flooding
stage. The different trends observed among ammonoid taxa
can be interpreted partly in terms of response to changes in
trophic conditions inferred from the study of calcareous
nannofossils. Heteromorphs, which are dominant during
mesotrophic conditions, could have been more competitive
than involute/evolute planispirals (normal coiling) when
paleoenvironmental conditions become more unstable.
Lechites (orthocone), the most abundant taxon, probably in-
habited epipelagic, distal paleoenvironments. This genus,
interpreted as a vertical migrant in the water column,
would have been able to move up when trophic conditions
were good in surface waters, and down in order to avoid ol-
igotrophic surface waters and to exploit food-rich layers in
deeper waters. Turrilitoides and Mariella (torticones) may
have been quasiplanktic, and inhabited mainly neritic pa-
leoenvironments. These forms could have occupied more
distal paleoenvironments when mesotrophic conditions pre-
vailed in the surface water column. Anisoceras and Ham-
ites (quasiplanktic U-shaped heteromorphs) mainly lived
in distal, epipelagic habitats, and could have been more
competitive compared with the torticones when oligotrophic
conditions prevailed in surface waters. Among involute/
evolute planispiral ammonoids, Mortoniceras probably
had a deep-nektonic mode of life and inhabited the lower
part of the epipelagic zone. A stylized panorama of some
Late Albian ammonoid habitats is proposed.

INTRODUCTION

Neumayr (1883), Uhlig (1911), and, more recently, Scott
(1940), Ziegler (1967, 1981), Kennedy and Cobban (1976),
and Westermann (1990, 1996) have emphasized the rela-
tionships between ammonoids and ecological factors such
as bathymetry, temperature, and food. Dynamics of the
biogeography of ammonoids and changes in their shell
morphology and assemblages generally are related to sea-
level and paleoclimatic fluctuations (Enay, 1980; Enay
and Mangold, 1982; Marchand and Thierry, 1986, 1997;
Lominadze and Sakharov, 1988; Wiedmann, 1988; Cecca,
1992; Bulot, 1993; Rawson, 1993; Hantzpergue, 1995; Re-
boulet and Atrops, 1995; Reboulet, 1996; Enay and Car-
iou, 1997; Pucéat et al., 2003). Only a few authors have
discussed changes in ammonoid assemblages, such as
adult-size variations and evolutionary events (appearance
of heteromorphic ammonoids, radiation), as resulting
from trophic opportunities (Elmi and Alméras, 1984; Re-
boulet, 1996, 1998, 2001; Reboulet and Atrops, 1997; Cec-
ca, 1997, 1998; Lehmann, 2000; Guex, 2001). However,
these works are not well constrained by detailed data on
trophic conditions, and could appear speculative (for in-
stance, see Lehmann, 2000). More recently, a quantitative
and integrated approach including high-resolution analy-
sis of macrofauna, nannofossils, microfacies, trace fossils,
and total organic carbon allowed Reboulet et al. (2000,
2003) to interpret, in part, the absolute abundance varia-
tions of some Early Valanginian ammonoids as an impor-
tant response to trophic resources. However, in that study,
the ammonoid assemblages consisted of only six ammo-
noid families representing just two morphostructural
groups (involute/evolute planispiral ammonoids and or-
thocones).

The aims of the present work are to quantify the abso-
lute abundances of ammonoids, and to interpret varia-
tions and changes in assemblages with respect to the pa-
leoenvironmental context, particularly in terms of trophic
conditions in the oceanic waters. Considerations of am-
monoid abundances generally are based on percentages
(Marchand, 1984, 1992; Company, 1987; Reboulet et al.,
1992; Cecca et al., 1993; Reboulet, 1996; Reboulet and
Atrops, 1997; Cecca, 1998) and the study of absolute abun-
dance variations is a poorly understood aspect of ammo-
noid paleoecology (Reboulet et al., 2000, 2003). In the pre-
sent work, results and their interpretation are based on
the study of Late Albian ammonoids and benthic macro-
fauna. Ammonoid assemblages of this stratigraphic inter-
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FIGURE 1—Location of the Blieux section (Alpes de Haute-Provence)
and paleogeographic map of the Vocontian Basin (southeast France;
Lower Cretaceous).

val are characterized by high diversity, and numerous
genera have been identified (Gale et al., 1996; Wright et
al., 1996). Morphologic disparity also is large—from invo-
lute/evolute planispirals (normal coiling) to U-shaped het-
eromorphs. This wide range of ammonoid morphology
may indicate distinct modes of life (swimming, buoyancy,
trophic habits; Westermann, 1996; Cecca, 1997; Klug,
2001).

The Blieux section (Alpes de Haute-Provence; Fig. 1), lo-
cated in the southern margin of the Vocontian basin
(southeast France), is in a key position to record paleoen-
vironmental changes between proximal areas (platform
environments) and the pelagic realm (open-marine water
column). As described by Cotillon (1971), Blieux is one of
the rare outcrops where ammonoids are abundant. Ben-
thic macrofauna are also well represented and bivalves
sometimes are abundant (Bréhéret, 1997). The Latest Al-
bian sediments deposited in the Vocontian basin record
the Oceanic Anoxic Event (OAE) 1d, named the Breistrof-
fer interval by Bréhéret (1988). The paleoenvironmental
conditions prevailing during deposition of this event (in
particular, changes in surface-water fertility as well as in
oxygenation in the water column and on the sea floor)
have been established in the Blieux section by Giraud et
al. (2003). They have shown that the OAE 1d is not recog-
nized as a major anoxic event in the Vocontian basin. The
Breistroffer deposits do not record an eutrophication of the
marine surface waters associated with expansion of the
oxygen minimum zone, but record changes from mesotro-
phic to more oligotrophic conditions in surface waters. The
oxygenation conditions in the water column were always
good, as demonstrated by the abundant ammonoids and
benthic macrofauna. The enrichment in organic carbon is
weak and mainly due to good preservation under dysoxic
conditions within the sediment. In the present study, the
dependence of ammonoids is discussed in relation to tro-
phic conditions, partly based on the comparison between

macrofauna and calcareous nannofossils. This contribu-
tion was introduced during the 6th International Creta-
ceous Symposium (Vienna) (Reboulet et al., 2000).

GEOLOGICAL SETTING: THE BLIEUX SECTION

The Vocontian basin is a hemipelagic intrashelf basin of
the European Tethyan passive margin. During the Albian,
uplift of all the basin margins was responsible for emer-
gence of the Durance Isthmus, to the south, on the Prov-
ence platform (Fig. 1). Consequently, strong differential
subsidence occurred between shelf and basin, and increas-
ing exposure of the hinterland enhanced terrigenous sedi-
ment supply to the Vocontian basin. The carbonate
shelves surrounding the Vocontian basin are character-
ized by low accumulation rate, and carbonate production
by benthic organisms decreased as a siliciclastic regime
commenced (Ferry and Rubino, 1989). Sections generally
are characterized by phosphatized and glauconitic sands,
as well as sedimentary gaps (Latil, 1996). In the Gard,
Vercors, and Alpes-Maritimes areas, ammonoid assem-
blages of the zone of Stoliczkaia (Stoliczkaia) dispar (Ap-
pendix 1) mainly occur in condensed levels (Breistroffer,
1936, 1940; Scholz, 1973; Latil, 1996). This period of se-
vere platform crisis is recognized on different platforms in
Tethys such as Switzerland (Renz, 1968; Delamette,
1988), Italy (Graziano, 2000), and Hungary (Scholz, 1979),
as well as in the Pacific and the Atlantic Oceans (Grötsch
et al., 1993), and indicates a sea-level rise of even higher
amplitude in the Late Albian Rotalipora appenninica
Zone. Following this rise, black-shale deposits are record-
ed in the Vocontian basin (Breistroffer interval), the At-
lantic Ocean, and Canada (Grötsch et al., 1993). The Ap-
tian–Albian interval of the Vocontian basin is character-
ized by a thick marly sequence of the Marnes Bleues For-
mation, consisting of about 800 meters of homogeneous
grayish dark-blue marls and shales. Nine laminated hori-
zons containing 1–2% TOC (Total Organic Carbon) have
been identified in the 30-meter-thick latest Albian Breis-
troffer interval of the Vocontian basin (Bréhéret, 1988).
Because of its relatively proximal position, the Blieux sec-
tion does not preserve the typical laminated black-shale
horizons observed in the central part of the Vocontian ba-
sin (Bréhéret, 1997).

The 88-meter-thick Blieux section (Fig. 2) belongs to a
continuous succession of nearly 500 meters of sediments
consisting of late Albian bioturbated marls, below the
Breistroffer interval, to mid-Cenomanian limestone-marl
alternations (Bréhéret, 1997). The lower part of the stud-
ied succession is comprised of 20 meters of alternating
silty calcareous beds and marls. Upward, the succession
becomes more marly, and is capped by a silty layer in
which glauconite grains are abundant (layer 91; Fig. 2).
This glauconitic bed, which can be correlated at a regional
scale (Bréhéret, 1997) and marks the beginning of the
Breistroffer interval, consists of 38 meters of dark argilla-
ceous marls interrupted by thin, centimeter-scale gray
marls. The Breistroffer interval is capped by silty marls
intercalated with coarser, sandy layers. The biostrati-
graphic subdivisions are based on the occurrence of vari-
ous species of Stoliczkaia (Hoedemaeker and Bulot, 1990;
Latil, 1996). The zone of Stoliczkaia (Stoliczkaia) dispar of
the Mediterranean Region is divided into a lower subzone
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FIGURE 2—Argillaceous marls and marls succession of the Blieux section, location of the Breistroffer interval; ammonite biostratigraphy and
trophic conditions from Giraud et al. (2003); sequence stratigraphy from Bréhéret (1997); LST, Lowstand System Tract; TST, Transgressive
System Tract; mfs, maximum flooding stage; HST, Highstand System Tract. The position of the 81 macrofauna sampling stations (layers 1–
180) and the volume of rock collected are plotted against lithology. Number of counted ammonoids, identification, fragmentation indices of
ammonoids, generic richness, and absolute abundances per volume of rocks (m3) of identified ammonoids (minimal and maximal values) and
bivalves (minimal values, dashed lines indicate break in scale) are shown. The weathering profile of the argillaceous marls and marls has
been enhanced to better see sampling layers.
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of Stoliczkaia (Faraudiella) blancheti (Breistroffer, 1965)
and an upper subzone of Stoliczkaia (Stoliczkaia) dispar
(Owen, 1975). This biostratigraphic scale has been used by
the different Lower Cretaceous cephalopod teams since
Hoedemaeker and Bulot (1990; Hoedemaeker and Rebou-
let, 2003). The Upper Albian ammonoid assemblage of the
Blieux section allows recognition of the Dispar Zone and
Subzone (Fig. 2). Cotillon (1971) recognized three impor-
tant planktonic foraminiferal events in the Blieux succes-
sion: (1) occurrence of Rotalipora appenninica in the upper
part of the alternating silty calcareous beds and marls suc-
cession; (2) occurrence of Planomalina buxtorfi at the base
of the marly part below the Breistroffer interval; and (3)
its absence above layer 132 in the upper part of the Breis-
troffer interval.

MATERIAL AND METHODS

Ammonoid And Bivalve Assemblages

The selected interval of the Blieux section was studied
in detail for its content of pelagic and benthic macrofauna.
The systematic revision of ammonoids (Proux, 2001) was
based mainly on the works of Spath (1923–1944), Renz
(1968), Scholz (1979), and Gale et al. (1996). The ammo-
noid assemblage consists of twenty genera grouped into
twelve families, using the supra-specific classificationpro-
posed in the Treatise on Invertebrate Paleontology (Wright
et al., 1996; Appendix 1). No ammonoid faunal turnover or
phyletic appearance or disappearance of taxa occurs in the
interval studied (Gale et al., 1996; Proux, 2001). Because
fossils from the Blieux section are very abundant, intra-
specific variability was recognized for Desmoceras (Des-
moceras) latidorsatum, Puzosia (Puzosia) mayoriana (Fig.
3A), Discohoplites coelonotus, Cantabrigites cantabrigense,
Mortoniceras (Durnovarites) perinflatum (Fig. 3I), Mariel-
la (Mariella) bergeri, and Scaphites (Scaphites) hugardi-
anus (Fig. 3J) (Scholz, 1979; Cooper, 1990; Gale et al.,
1996; Proux, 2001). Dimorphic pairing was established for
Stoliczkaia (Stoliczkaia) dispar (Fig. 3F), Hamites dupli-
catus (Fig. 3C; this species is not included in the new ge-
nus Helicohamites (Monks, 2002) because it lacks a helical
spire), Hemiptychoceras subgaultinum (Fig. 3H), Anisocer-
as armatum (Fig. 3K), Lechites (Lechites) gaudini (Fig.
3L), Turrilitoides hugardianus (Fig. 3B), and Worthoceras
pygmaeum (Fig. 3E) (Scholz, 1979; Gale et al., 1996;
Proux, 2001). All genera probably are monospecific in the
interval studied. They correspond to well-characterized
morphologic units (Fig. 3).

The Albian ammonoids of the Blieux section are as-
signed to seven morphologic units using the terminology
proposed in the glossary of Ammonoid Paleobiology (Land-
man et al., 1996): involute/evolute planispirals (normal
coiling), including Mortoniceras (Fig. 3I), Cantabrigites,
Stoliczkaia (Fig. 3F), Discohoplites, Callihoplites, Desmo-
ceras, Pusozia (Fig. 3A), Kossmatella (Fig. 3G), Tetragoni-
tes, Anagaudryceras, Zelandites, and Hypophylloceras
(Fig. 3D); orthocones (Lechites, Fig. 3L); torticones with
Turrilitoides (Fig. 3B) and Mariella; scaphitocones with
Scaphites (Fig. 3J) and Worthoceras (Fig. 3E); ancylocones
(Anisoceras, Fig. 3K); and hamitocones with two distinct
morphotypes (Hamites, Fig. 3C and Hemiptychoceras, Fig.
3H). Because some families are composed of many genera

with different morphologies (for instance, Hamitidae, Fig.
3), the abundance variations are presented here at a ge-
neric level, which simplifies the identification of speci-
mens and avoids problems related to systematics. Cecca
(1998) also emphasized that it would be preferable to work
at the generic level for paleoecological studies. Aptychi
and rhyncholites are absent.

Bivalves (aucellines and inoceramids) represent 92% of
the benthic macrofauna. Belemnites, gastropods, and
echinoderms are rare to absent, so these three groups are
not considered in the quantitative study, which is based on
more than 20,000 specimens, including 8500 ammonoids.
Dissolution of shells is the normal condition, and speci-
mens are preserved as internal, generally calcareous
molds. Pyritic specimens of ammonoids are observed only
in a few layers, mainly in the upper part of the section.

Quantification Of Macrofauna Abundances

Macrofaunal quantification was carried out in 81 suc-
cessive sampling stations covering layers 1 to 180, includ-
ing the organic carbon-rich layers (Fig. 2). Outcrop and
sampling conditions were constant along the same vertical
section. The lithology is homogenous (argillaceous marls
and marls) and the calcium carbonate content is low (be-
low 57%; Giraud et al., 2003), which makes sampling mac-
rofauna easier. The rocks were broken as small (a few cen-
timeters) and consistently as possible. The volume of ana-
lyzed rock varied from 0.010 to 0.429 m3 (Fig. 2); its thick-
ness component is generally low (; 10 cm). The method
used to quantify absolute abundances of macrofauna, pro-
posed by Reboulet et al. (2000, 2003), allows interpretation
of abundance variations with respect to the paleoenviron-
mental context, particularly in terms of accumulation rate
and trophic conditions in the surface waters. The macro-
faunal quantification takes into account the fragmentary
state of the fossils. The quantity of specimens was stan-
dardized to 1 m3 of sediment. Both entire individuals and
fragments of macrofauna were counted using two ap-
proaches: (1) entire shells or fragments of shells were con-
sidered as one distinct specimen; and (2) entire shells were
counted as one specimen while fragments were counted as
a part of a specimen. Namely, a half, a quarter, a fifth of
one shell were considered as 1/2, 1/4, and 1/5 of a speci-
men, respectively; very small fragments of the shell were
counted as 1/6 of one specimen. This way, two different
abundance values were obtained: (1) maximal abundance
value (Max. Ab.); and (2) minimal abundance value (Min.
Ab.; Fig. 2). Data based on minimal abundance values
have the advantage of taking into account the fragmen-
tary state of the fossils and minimizing the effects of vari-
able fragmentation in the different layers. So, except for
the absolute abundance of identified ammonoids (Fig. 2),
only the curves of minimal absolute abundance of macro-
fauna are presented here, and the relative abundance
(percentage) of each ammonoid taxon was calculated
based on minimal values (Min. Ab.).

A fragmentation index (FI 5 Min. Ab./Max. Ab.; Fig. 2)
was calculated for all groups of macrofauna, which en-
ables estimation of preservation potential for different
taxa. This index varies between 1/6 and 1. A value of 1
means the material is not fragmented; whereas an index
of 1/6 means all the specimens are significantly fragment-
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FIGURE 3—Photos of some Late Albian ammonoids. All specimens come from the Blieux section (Alpes de Haute-Provence), dispar Zone
(layers have been indicated). Collection of Reboulet and Proux (UCB Lyon I, France). Arrows indicate the last preserved suture. (A) Puzosia
(P.) mayoriana (Sowerby), x1, layer 144. (B) Turrilitoides hugardianus (d’Orbigny), macroconch, x1, layer 98. (C) Hamites duplicatus Pictet
and Campiche, microconch, x1, layer 109. (D) Hypophylloceras (H.) sp. ind., x1, layer 105. (E) Worthoceras pygmaeum Butjor, x3, layer 97.
(F) Stoliczkaia (S.) dispar (Neumayr), macroconch (morphotype clavigera), x1, layer 109. (G) Kossmatella muhlenbecki (Fallot), x2, layer 107.
(H) Hemiptychoceras subgaultinum Breistroffer, macroconch, x1, layer 97. (I) Mortoniceras (Durnovarites) perinflatum (Spath), x1, layer 65. (J)
Scaphites (S.) hugardianus d’Orbigny, x2, layer 97. (K) Anisoceras armatum (Sowerby), microconch (?) x1, layer 144. (L) Lechites (L.) gaudini
Pictet and Campiche, microconch, x1, layer 122.
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FIGURE 4—Bivariate plot of generic richness versus number of iden-
tified ammonoids for the interval 15 to 180 of the Blieux section. Hor-
izontal dashed line indicates 50% of maximum generic richness.

ed. An identification index (5 identified specimens/total of
identified 1 unidentified specimens) at the generic level
was calculated for ammonoids, enabling interpretation of
whether the identified ammonoids (Fig. 2) used for the
quantitative analysis for each layer are significant. Cor-
relation indices between distinctive variables (abundanc-
es of ammonoids, bivalves, and selected nannofossil taxa)
are given. The ammonoid assemblages are characterized
by absolute and relative abundance variations, and com-
position by generic richness. Some genera belonging to the
same taxonomic family (Turrilitoides and Mariella: Tur-
rilitidae; Discohoplites and Callihoplites: Hoplitidae) or
superfamily (Zelandites, Anagaudryceras and Tetragoni-
tes: Tetragonitaceae), and with close morphology, are
pooled together in counts because they are not abundant.

RESULTS

Comments On Identification—Fragmentation Indices
And Generic Richness

The highest number of ammonoids is found within the
Breistroffer interval (Fig. 2). The number of counted and
identified ammonoids varies from 0 to 519 and from 0 to
461, respectively. At the generic level, the identification
index (II) varies between 49% and 100% (mean 5 79%).
So, because less than 21% of the ammonoids were not
identified, the identified ammonoids of each successive as-
semblage constitute significant samples. The mean value
of the identification index (II) is higher (90%) when the
family level is considered. Such results also are observed
in the Valanginian (Reboulet et al., 2003).

The fossils rarely are totally fragmented—ammonoids
often are complete (phragmocone and one-half whorl of
body chamber), with rare mechanical damage except that
the apertural end of the body chamber (peristome) fre-
quently is broken or not preserved (Fig. 3). Specimens do
not show evidence of breaking related to predation. The
mean fragmentation index (FI) of identified ammonoids is
0.382 (Fig. 2). Turrilitoides, Discohoplites, Zelandites, Cal-
lihoplites, and Worthoceras show the best preservation,
with a mean fragmentation index from 0.636 to 0.967. In
contrast, Anisoceras, Hamites, Lechites, Hemiptychoceras,
and Hypophylloceras are fragmented more (0.197 , mean
FI , 0.317). Other genera have an intermediate state of
preservation (0.408 , mean FI , 0.558). This variation of
the mean Fragmentation Index (from 0.197 to 0.967) jus-
tifies using minimal abundances (Min. Ab.). Genera char-
acterized by a low fragmentation index would be overrep-
resented if maximal abundances (Max. Ab.) were used. Bi-
valves often are well preserved, with a mean FI index
around 0.998.

The generic richness and number of identified ammo-
noids are well correlated using a logarithmic regression
(Fig. 4). The curve indicates that at least 50% of the maxi-
mal richness (5 20, total number of genera present any-
where in section) is recorded when more than 50 speci-
mens are identified. However, to reach this mean rich-
ness, the number of identified ammonoids can vary from
25 to 100.

Comments On Macrofauna Abundances

The two curves of absolute abundance, ‘‘Min. Ab.’’ and
‘‘Max. Ab.,’’ were compared for identified ammonoids (Fig.
2), their different taxa, and for bivalves. There are always
good correlations between ‘‘Min. Ab.’’ and ‘‘Max. Ab.’’ val-
ues (0.818 , r , 1; n 5 81; significant at p 5 0.05 if r .
0.22). This is another argument for using the minimal
abundance values (Figs. 2, 5).

Abundance Variations of Heteromorphic Ammonoids:
The absolute abundances of heteromorphic ammonoids
generally are high in the lower part of the Breistroffer in-
terval (layers 97, 105, and 107–109; Fig. 5). Among heter-
omorphs, Lechites and Scaphites are the most abundant.
These genera can reach 1500 and 500 specimens per m3,
respectively. Their absolute abundances are correlated
strongly with those of heteromorphs (r 5 0.963 and 0.810,
respectively; n5 81; significant at p 5 0.05 if r . 0.22).
Other heteromorphs are less well represented and their
absolute abundance never exceeds 280 specimens per m3

(Fig. 5). Worthoceras, Anisoceras, and Hamites show their
highest abundances in layer 144. Hemiptychoceras pre-
sents small successive peaks in the Breistroffer interval.
Mariella and Turrilitoides are present just below and in
the lower part of the Breistroffer interval (Fig. 5). Only
Mariella is present at the top of the section (layers 176 and
179).

Heteromorphs are dominant at the base (layers 45–66)
and top (layers 162–180) of the Blieux section and in the
lower part of the Breistroffer interval (layers 91–109; Fig.
6). They represent 50–90% of the ammonoid assemblages.
Low percentages (;25%) are recorded mainly below the
Breistroffer interval (layers 69–89) and in its middle part
(layers 110–129). Heteromorphic and involute/evolute
planispiral ammonoids are represented equally in the up-
per part of the Breistroffer interval (layers 130–157).
Lechites are dominant mainly in the Breistroffer interval,
where they can reach 70% of the ammonoid assemblages
(layer 102). The highest relative abundances (40%) of Sca-
phites are recorded near the base of the Blieux section
(Fig. 6). When Turrilitoides and Mariella are present, they
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FIGURE 5—Layers 15 to 180 of the Blieux section: minimal absolute abundance and fragmentation index of Lechites (orthocone); minimal
absolute abundances of other heteromorphs per volume of rock (m3). Bar scale beside ammonoid drawings 5 1 cm. See Figure 2 for lithologies.

represent ; 10–30% of the ammonoid assemblages. Ham-
ites is the dominant genus (nearly 55% in layer 146) in the
top of the Breistroffer interval. The relative abundances of
Anisoceras, Hemiptychoceras, and Worthoceras generally
do not exceed 15% of the ammonoid assemblages (Fig. 6).

Abundance Variations of Involute/Evolute Planispiral
Ammonoids: Involute/evolute planispirals are well repre-
sented in the upper part of the Breistroffer interval (layers
120–144; Fig. 7) where they have their greatest abun-
dance, except for Kossmatella, which has an important
peak at the base of the section (layer 25). The variations in
involute/evolute planispirals mainly are related to those of
Mortoniceras (r 5 0.883; n 5 81), Kossmatella (r 5 0.708; n
5 81), and Puzosia (r 5 0.694; n 5 81). Other involute/evo-
lute planispirals, such as Stoliczkaia, Desmoceras, and
Cantabrigites, are less well represented and their absolute
abundances never exceed 120 specimens per m3. Tetragon-
ites, Anagaudryceras, Zelandites, Hypophylloceras, Callih-

oplites, and Discohoplites often are represented by a low
number of specimens (Fig. 7). The correlations between
absolute abundances of different ammonoid taxa general-
ly are low, except between Hamites and Anisoceras (r 5
0.965; n 5 81).

Among involute/evolute planispirals, Mortoniceras and
Puzosia are dominant (Fig. 8). They frequently represent
20–30% of the ammonoid assemblages. The base of the
Blieux section (0–10 m) is characterized by the dominance
of Kossmatella (near 80%). The percentages of other gen-
era are generally lower than 10 to 15% of the assemblages
(Fig. 8).

Abundance Variations of Bivalves: Bivalves are very
abundant at the base of the Blieux section where more
than 40,000 specimens per m3 were estimated (layer 25,
Fig. 2). Aucellines are dominant and constitute thin layers
(1–3 cm thick; Aucellina beds), or are concentrated on bed-
ding surfaces of glauconitic layers. Aucellines also are well
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FIGURE 6—Layers 15 to 180 of the Blieux section: relative abundance of heteromorphs versus involute/evolute planispirals and relative
abundances of heteromorphs. See Figure 2 for lithologies.

represented in the lower part of the Breistroffer interval
(layers 95–109). Inoceramids are less abundant, except in
layer 125 (2100 specimens/m3). Bivalves are rare or absent
at the top of the section. Their absolute abundances do not
correlate well with those of the different ammonoid taxa.
A significant positive correlation (p 5 0.05) was found only
between the absolute abundances of bivalves and Koss-
matella (r 5 0.63; n 5 81).

INTERPRETATION OF RESULTS AND DISCUSSION

Taphonomy

Most of the variations in ammonoid abundance in the
Blieux section are unlikely to be linked with taphonomic
processes, such as significant post-mortem transport of
the shells, re-sedimentation, or diagenetic effects.

Post-mortem Transport: Recent Nautilus provides a ref-

erence for understanding the post-mortem transport of
ammonoid shells (Kennedy and Cobban, 1976; Chamber-
lain et al., 1981; Olóriz et al., 1996; Chirat, 2000; Reboulet
et al., 2003). The ascent of the shell, which is due to a rapid
gain in buoyancy following separation of the body, de-
pends on several factors: (1) depth of the animal at the in-
stant of death; (2) initial buoyancy of the empty shell; (3)
size, weight, and morphology of the shell; and (4) rate of
sea-water influx into the chambers of the phragmocone
(Chamberlain et al., 1981). For these authors, the last fac-
tor appears to dominate. The post-mortem filling rate of
phragmocone is a function of: (1) the permeability coeffi-
cient, surface area, and thickness of the siphuncular tube
(connecting ring) through which water can enter into the
chamber; (2) the length of siphuncular tissue removed
when the body falls out of the shell after death of the ani-
mal (allowing flooding of the siphuncle and the first cham-
bers of the phragmocone); and (3) hydrostatic pressure
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FIGURE 7—Layers 15 to 180 of the Blieux section: minimal absolute abundance of involute/evolute planispirals per volume of rock (m3). See
Figure 2 for lithologies.

(and therefore depth), which forces water into the cham-
ber through the connecting ring (Chamberlain, 1978;
Chamberlain et al., 1981).

Chamberlain et al. (1981) concluded that extensive nek-
roplanktonic drifting of Nautilus shells occurs infrequent-
ly; after death of the animal, most shells do not reach the
surface, but rather settle to the sea bottom after a short
period of ascent. Except in rare cases, such as Aturia (Ter-
tiary Nautilida; Chirat, 2000), the original distribution of
fossil nautiloids generally is preserved, suggesting that
post-mortem transport is negligible. The cosmopolitan pa-
leogeographic distribution of Aturia mainly results from
post-mortem transport of the shell by oceanic paleocur-
rents. The frequency of occurrence of this transport is due
to the morphology of its siphuncle, which has a very long
septal neck. This morphological feature reduces the sur-
face area of the connecting ring, and so limits the post-
mortem filling rate of the phragmocone during ascent of

the shell of Aturia in the water column. Contrary to the as-
sertion of Dauphin (1979), Spirula cannot serve as a mod-
el for the study of post-mortem transport of fossil ectococh-
liate cephalopods (Chirat, 2000). This latter author notes
that, in contrast to Nautilus and ammonoids, the post-
mortem influx of water into chambers of Spirula, as in
Aturia, could occur only through a very small area of the
connecting ring. Assuming Chirat (2000) is correct, most
ammonoids probably had a low potential for post-mortem
drift, even if there are some species in nearly all suborders
that possess unusually long septal necks, reducing the
surface of the connecting ring and possibly delaying cham-
ber flooding after death (Doguzhaeva, 1988; Tanabe et al.,
1993). Chamberlain et al. (1981, p. 494) emphasized that
‘‘estimate of influx rates in ammonoid siphuncles indicates
that many, if not most, ammonoid shells also would not be-
come nekroplanktonic.’’ For these authors, nekroplank-
tonic drifting occurred infrequently for most of ammonoids
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FIGURE 8—Layers 15 to 180 of the Blieux section: relative abundances of involute/evolute planispirals. See Figure 2 for lithologies.

that lived at a depth greater than 50–100 m, and especial-
ly for shells smaller than 10 cm in diameter.

All of the involute/evolute planispirals and most of the
heteromorphs from the Blieux section have a small adult
size that rarely exceeds 10 cm (Proux, 2001). Some Albian
species, such as M. (D.) perinflatum and S. (S.) dispar,
may be represented by larger specimens in shallow-plat-
form paleoenvironments (Marcinowski and Naidin, 1976;
Latil, 1996). Significant differences in adult size distribu-
tion between Valanginian assemblages from the Vocon-
tian basin and the Provence platform suggest limited hor-
izontal movement of adult ammonoids, and limited dis-
persal of ammonoids by water currents (Reboulet, 2001).
Except in layer 25 (Fig. 2), the absence of large specimens
in the deep paleoenvironment of the Blieux section sug-
gests that there is no significant post-mortem transport of
shells from the platform to basin. The presence of a few,
large (;20 cm in diameter), unidentified involute planis-
piral specimens in layer 25 may be due partly to the drift-
ing of shells from neritic paleoenvironments.

Variation of frequency of floated shells of Nautilus could
be explained partly by different possibilities of separation
of the soft parts (body extracted and consumed by a pred-
ator, body lost due to decomposition or activity of scaven-
gers, deterioration of muscle-shell attachment areas, etc.),
the length of siphuncular tissue removed after death, and
the depth of the animal at time of death (hydrostatic pres-
sure; Chamberlain et al., 1981). However, it is difficult to
appreciate the impact of these factors on the post-mortem
transport of shells for Nautilus or for ammonoids. Separa-
tion of the body from the shell would be easier in orthoco-
nes and torticones, which were oriented vertically in life
with an aperture towards the bottom, than for scaphito-
cones, ancylocones, and hamitocones, which were charac-
terized by a hooked adult body chamber with an aperture
pointing upwards. Following this hypothesis, the preser-
vation of aptychi within the body chamber of U-shaped
heteromorphs would be more favorable. However, this
kind of fossil record for aptychi is always very rare as well
in involute/evolute planispirals as in heteromorphs and
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TABLE 1—Correlation indices between the total abundance of am-
monoids (all taxa) and the absolute abundances of selected ammo-
noid taxa (genus or morphotype), and the total abundance of bivalves.
All correlations are based on minimum values of the absolute abun-
dances and on a dataset of 81 samples, except the last line (80 sam-
ples).

does not seem more frequent for U-shaped heteromorphs
(Trauth, 1928, 1935, 1936; Arkell, 1957; Lehmann, 1981;
Nixon, 1996), except for Aptian Tonohamites (Monks and
Palmer, 2002) and Turonian scaphitids (Tanabe, 1979).
The ammonoid/aptychi ratio provides a useful criterion for
evaluating the post-mortem transport of ammonoids
(Olóriz et al., 1996; Reboulet et al., 2003). No aptychi have
been found in the Blieux section. Limited post-mortemdis-
persal of shells by water currents can explain the absence
of aptychi (Maeda and Seilacher, 1996).

The great abundance of bivalves at the base of the
Blieux section could be due to post-mortem transport of
shells by bottom currents from proximal paleoenviron-
ments. In fact, the mode of accumulation of aucellines and
the frequent occurrence of turbiditic silty layers in this in-
terval suggest episodic transport from platforms (Giraud
et al., 2003).

Resedimentation Processes: Once accumulated at the
seafloor, ammonoid shells can be affected by resedimen-
tation processes (sensu Fernández-López, 1991), which
usually generate broken specimens that are fragmented
preferentially in the peristomal region (Fernández-López,
1991, 1997; Fernández-López and Meléndez, 1994, 1995;
Olóriz et al., 1996; Fernández-López et al., 1999). Resedi-
mentation does not necessarily imply significant lateral
transport. The weak fragmentation of ammonoid shells of
the Blieux section seems mainly related to nearly in-situ
resedimentation by bottom currents before burial. Al-
though original volume and shape of the living chamber
often are preserved in internal molds, the phragmocones
usually are compressed by diagenetic compaction (Fig. 3),
which indicates a rapid sedimentary infill of the living
chamber and high accumulation rate (Fernández-López et
al., 2000). The residence time of the shells on the sea floor
seems, therefore, to have been relatively short. The ta-
phonomy of the specimens studied suggests rapid sinking
and burial of the shells. The higher rates of fragmentation
observed in some heteromorphs could be explained partly
by the supposed fragility of their more open shell with re-
spect to involute/evolute planispirals. The variations of
preservation (fragmentation index) are not important
enough to explain the significant changes in the absolute
abundances of each taxon (Figs. 2, 5, 7). For instance, from
layers 99 to 110, Lechites has similar fragmentation indi-
ces (0.255 , FI , 0.266), but the absolute abundances
vary strongly—from 10 to 1500 specimens per m3 (Fig. 5).

Diagenetic Effects: Because tests of the macrofauna (ex-
cept belemnites) are not preserved, the hypothesis that a
different shell structure could have influenced shell pres-
ervation and modified the original composition and abun-
dance of samples cannot be evaluated. However, the li-
thology of the Blieux section is mainly marls and argilla-
ceous marls, therefore, diagenetic effects on the shells can
be considered as constant for all assemblages.

Variations In Accumulation Rate

The absolute abundance of macrofauna specimens per
volume of rock depends partly on accumulation rate (Re-
boulet et al., 2000, 2003). In such a case, a covariance is ex-
pected between the total abundance of ammonoids and the
abundances of different ammonoid taxa as well as with
the abundance of bivalves. This covariance can be ex-

pressed by correlation indices between these different var-
iables (Table 1). Total ammonoid abundance shows posi-
tive correlations with the abundances of the different am-
monoid taxa—high positive correlation coefficients are
found both for the most abundant taxon (Lechites) as well
as for the taxon representing less than 10% of the assem-
blages (Hemiptychoceras). Total ammonoid abundance
shows low positive correlation with the abundance of bi-
valves when a sample (layer 25) containing more than
40,000 specimens/m3 of bivalves is considered. This great
abundance of bivalves (Aucellina beds) in layer 25 (Fig. 2)
has been related to platform input (Giraud et al., 2003).
When sample 25 is removed, the correlation between total
ammonoid abundance and that of bivalves is significantly
better (Table 1). All these observations suggest that, in the
Blieux section, the abundance of macrofauna is controlled
partly (because of the variable correlation coefficients) by
accumulation rate.

A decrease in accumulation rate could explain, in part,
the highest abundance of ammonoids within the Breistrof-
fer interval of the Blieux section, whereas the depletion in
ammonoids below and above this interval could reflect an
increased sedimentary dilution by terrigenous input and
platform-derived carbonate muds, respectively (Giraud et
al., 2003; Fig. 2). In the lowermost and uppermost parts of
the succession, frequent turbiditic layers indicate that
sedimentary dilution, and consequently, the low ammo-
noid abundances observed, are due to terrigenous input.
Increasing accumulation rate due to enhanced carbonate
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input from the shelves appears likely to have been the
principal mechanism for reduction of macrofossil abun-
dances observed in the upper part of the Breistroffer inter-
val and just above it (layers corresponding to calcareous
marls, Fig. 2; Giraud et al., 2003). For bivalves, the high
abundances observed in the lower part of the Breistroffer
interval (Fig. 2) partly could be explained by a reduction of
the accumulation rate. However, their low abundances in
the middle and upper parts of this interval cannot be ex-
plained by an increased accumulation rate, but more like-
ly by paleoenvironmental changes (see below).

Paleoenvironmental Changes And Paleoecology Of Late
Albian Ammonoids

Both taphonomy and dilution may have controlled some
of the variations in macrofaunal abundance. Significant
variations of macrofaunal abundance, and the different
trends observed between benthic and ammonoid faunas
(Fig. 2) and between different ammonoid taxa (Figs. 5, 7),
are better interpreted in terms of response to paleoenvi-
ronmental changes and different paleoecologies of the
taxa analyzed.

Paleoenvironmental Changes: A multidisciplinary ap-
proach applied to the Latest Albian Blieux succession al-
lowed recognition of significant changes in paleoenviron-
mental conditions. Among these recognized changes, eu-
static fluctuations strongly influenced variations in nan-
nofossil and macrofauna abundances. In particular,
during the maximum-flooding Breistroffer event, increas-
ing distality and the associated increase in habitat space
are partly responsible for the highest abundances of am-
monoids and nannofossils observed with respect to the
rest of the succession (Giraud et al., 2003; Figs. 2, 9). Tro-
phic conditions in surface waters were established by
analysis of the diversity and abundance variations of nan-
nofossils. Distinctive patterns in nannofossil assemblages
are recognized that reflect alternations from mesotrophic
to oligotrophic conditions in surface waters (Giraud et al.,
2003; Fig. 9). In Recent marine settings, mesotrophic con-
ditions correspond to unstable environments (moderate
turbulence and nutrient concentrations in surface wa-
ters), resulting in high phytoplankton production, and
moderate-diversity nannoplankton assemblages dominat-
ed by small placolith-bearing species. Oligotrophic condi-
tions correspond to stable environments (warm, stratified,
nutrient-poor surface waters), resulting in low phyto-
plankton production, and high-to-low-diversity nanno-
plankton assemblages (Young, 1994). In the present pa-
per, oligotrophic and low oligotrophic are distinguished,
and refer to low- and high-diversity nannofossil assem-
blages, respectively. For instance, within the Breistroffer
interval, mesotrophic conditions, suggested by high nan-
nofossil abundance, low-diversity nannoplankton assem-
blages correlated with a high abundance of small placol-
ith-bearing species (Biscutum ellipticum and Prediscos-
phaera spp.) characteristic of relatively nutrient-rich sur-
face waters, prevailed in the lower part (layers 91–109).
Oligotrophic conditions, characterized by low nannofossil
total abundances, poorly diversified nannofossil assem-
blages correlated with the dominance of the eurytopic tax-
on Watznaueria barnesae, are recorded from layers 110 to
121. Low oligotrophic and warmer surface-water condi-

tions, shown by a slight increase in nannofossil total abun-
dance and higher diversity nannofossil assemblages cor-
related with an increase in the relative abundance of non-
placolith-bearing species (Nannoconus spp., Rhagodiscus
spp., Tranolithus orionatus), prevailed in the upper part of
the Breistroffer interval (layers 122–149). The slight in-
crease in abundance of Nannoconus spp., considered as a
deep photic zone dweller (Erba, 1994), suggests an in-
crease in nutrient availability in the lower part of the pho-
tic zone. The increasing diversity may indicate more sta-
ble paleoenvironmental conditions in which nutrients
were used by a relatively large number of species (Wat-
kins, 1989).

Contrasting seasonal climatic conditions during the
Breistroffer event (Bréhéret, 1997) probably controlled the
succession of different trophic conditions in surface wa-
ters. Mesotrophic conditions prevailed during periods of
increased precipitation, runoff, and introduction of associ-
ated nutrients into the marine realm, whereas oligotro-
phic conditions reflect low runoff and, consequently, nutri-
ent-depleted surface waters, in times of drier climatic con-
ditions. Following this paleoenvironmental scenario, ben-
thic and pelagic macrofauna abundance variations are
discussed mainly with respect to food availability. Varia-
tions in seawater productivity potential during marl-lime-
stone deposition have been evoked to explain changes in
abundance and diversity of Valanginian ammonoids (Re-
boulet, 1996, 1998; Reboulet and Atrops, 1997; Reboulet et
al., 2000, 2003). The present study seems to confirm that
food availability in the water column was an important
factor controlling diversity and abundance of ammonoids
with respect to their habitat and mode of life.

Paleoecology of Late Albian Ammonoids: Knowledge of
the paleobiogeographic distribution of ammonoids is an
important step to understanding the relationships be-
tween paleoenvironment and composition of assemblages,
and it contributes to defining properly the habitat and
mode of life of ammonoids (Westermann, 1996; Cecca,
1998; Reboulet, 2001; Reboulet et al., 2000, 2003). How-
ever, if the global paleobiogeographic distribution of Late
Albian faunas is relatively well known (Gale et al., 1996;
Wright et al., 1996), information about ammonoid distri-
butions from proximal to distal paleoenvironments in
southeast France is very scarce (Latil, 1996). Because of a
severe platform crisis during the Late Albian (Grötsch et
al., 1993), the succession of ammonoids on the platforms
does not allow accurate and continuous correlation with
the Vocontian basin sections.

Knowledge of the habitat and mode of life of Cretaceous
heteromorphic ammonoids is based mainly on studies of
the Valanginian–Barremian and Albian–Turonian faunal
assemblages of the Mediterranean Tethys (Reboulet,
1996, 1998; Reboulet et al., 2000, 2003; Cecca, 1997, 1998)
and the Western Interior Seaway (Batt, 1989, 1993; Wes-
termann, 1996), respectively. It is suggested that hetero-
morphs probably had different trophic behavior than in-
volute/evolute planispirals; the former probably could bet-
ter occupy new ecological niches (Cecca, 1997; Reboulet,
1998; Reboulet et al., 2000, 2003; Guex, 2001). Recently,
isotopic analyses of fifteen ammonoid shells belonging to
nine Campanian species suggest a demersal (nektobenth-
ic) habitat both for involute/evolute planispirals (some
species of Phylloceratina, Lytoceratina, and Ammonitina)
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FIGURE 9—Calcareous nannofossil abundance, diversity, and percentages of selected nannofossil taxa plotted against lithology in the Blieux
section, modified from Giraud et al. (2003). The positions of the 60 samples selected for nannofossil analysis are noted. Note the successive
major contribution of the different species identified by the shaded bands. The color variations from pale gray to dark gray reflect changes
from oligotrophic to mesotrophic conditions.

and heteromorphs (one species of Ancyloceratina; Moriya
et al., 2003). With respect to the heteromorphs, involute/
evolute planispirals have high abundances and dominate
in intervals of the Blieux section characterized by low oli-
gotrophic to oligotrophic conditions (Figs. 6–8). This sug-
gests that stable paleoenvironmental conditions favored
the appearance and expansion of involute/evolute plani-
spirals. Heteromorphs, which were dominant during me-
sotrophic conditions (Fig. 6), would have been more com-
petitive when paleoenvironmental conditions became
more unstable (in this case, with increased runoff and
fresh-water input).

The ammonoids are grouped into major morphologic
types following the hypothesis that different morphologies

correspond to distinct modes of life (swimming, buoyancy,
trophic habits; Batt, 1989, 1993; Westermann, 1990, 1996;
Cecca, 1997; Klug, 2001; Reboulet et al., 2003). Habitat
and mode of life of Late Albian heteromorphs and invo-
lute/evolute planispirals are detailed successively.

Albian Lechites are orthoconic forms with the whorl sec-
tion slightly compressed, which is very similar to the shell
shape of Cenomanian Baculites and Valanginian Bochian-
ites. Lechites has a nearly cosmopolitan distribution (Gale
et al., 1996; Lehmann, 2000). This is in agreement with an
epipelagic habitat, allowing a wide dispersal of both eggs
and adult ammonoids. However, in southeast of France,
Lechites is rare in shallow paleoenvironments of the
North-Provence platform (Pont de Peille section, Latil,
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FIGURE 10—Stylized panorama of some Late Albian ammonoid habitats.

1996), but it is common (Mont Risou section; Gale et al.,
1996) or abundant (Blieux section, Fig. 5) in deeper pa-
leoenvironments of the Vocontian basin. This suggests
that Lechites mainly inhabited epipelagic distal paleoen-
vironments (Fig. 10). Orthoconic forms generally are in-
terpreted as vertical migrants (Jacobs and Chamberlain,
1996). This great capacity for vertical mobility would have
permitted these forms to move up and down in the water
column to exploit food-rich layers (Westermann, 1996).
For instance, Baculites would have been quasiplanktic
and a potential bottom feeder (Westermann, 1996), and
Bochianites probably had a deep-nektonic, possibly nek-
tobenthic, mode of life (Reboulet et al., 2000, 2003). In the
Blieux section, trophic levels in surface waters alternate
from mesotrophic to oligotrophic (Giraud et al., 2003; Fig.
9) and Lechites is always present (Fig. 5), often dominating
the ammonoid assemblages (Fig. 6). This could indicate
that abundance of Lechites is independent from fluctua-
tions of trophic conditions in surface waters. Lechites, in-
terpreted as a vertical migrant, would have been able to
move up when trophic conditions were good in surface wa-
ters, and down in order to avoid oligotrophic surface wa-
ters and to exploit food-rich layers in deeper waters (Fig.
11).

In the Blieux section, the presence of torticones (Turril-
itoides and Mariella) is restricted to two intervals (Fig. 5)
and their relative abundance rarely exceeds 40% (Fig. 6).
At the Pont de Peille section (Latil, 1996), the Late Albian
ammonoid assemblage shows dominance (80%) of Turrili-
tidae and low percentages of other heteromorphic ammo-
noids (Baculitidae and Anisoceratidae). This suggests that
Turrilitoides and Mariella inhabited mainly neritic pa-
leoenvironments (Fig. 10). Contrary to orthocones, which
may have been vertical migrants, torticones might have
had some difficulty in locomotion (Jacobs and Chamber-
lain, 1996); these forms could be interpreted as having

been weak swimmers, and a quasiplanktic mode of life
may be suggested.

Batt (1989, 1993) considered Cenomanian Turrilites
(torticones) as nektobenthic, and suggested that their se-
lective absence may indicate the extent of poorly oxygen-
ated conditions in the water column. This hypothesis can-
not explain the absence of Turrilitoides and Mariella in
some intervals of the Blieux section (Fig. 5). The water col-
umn always was well oxygenated, as shown by the con-
stant presence of benthic organisms throughout the sec-
tion (Giraud et al., 2003; Fig. 2). An increase of nutrients
in the water column could have been favorable to the ap-
pearance and expansion of torticones in the paleoenviron-
ment of the Blieux section (Fig. 5). In fact, the peaks of rel-
ative abundances of Turrilitoides and Mariella are rela-
tively well correlated to those of the nannofossil species
Biscutum ellipticum (r 5 0.409; n 5 56). This species indi-
cates mesotrophic conditions in surface waters in the
Blieux section (Giraud et al., 2003; Fig. 9). These condi-
tions, especially in the lower part of the Breistroffer inter-
val, seem to have been favorable to bivalves and ammo-
noids (particularly some heteromorphs; Figs. 2, 5, 6).

Humid climatic conditions were responsible for the in-
creased runoff from the hinterland, and introduction of as-
sociated nutrients into the marine realm. This could ex-
plain the abundance of nannoplankton taxa characteristic
of relatively nutrient-rich surface waters, and thus ex-
plain the abundance of other organisms, such as ammo-
noids, that are higher in the food chain. An increase in
fresh-water input in the marine realm could have led to
episodic density stratification of the water column, result-
ing in high nutrient concentration at and near the sea bot-
tom that could have favored the development of an abun-
dant benthic community of bivalves (Giraud et al., 2003;
Fig. 2). If Albian torticones were nektobenthic, good tro-
phic resources in bottom waters also could explain their
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FIGURE 11—Sketch showing the presence/absence of some Late Albian ammonoids, their abundance variations and their position in the
water column in relation to trophic conditions across the Breistroffer interval of the Blieux section: (A) Lower part of the Breistroffer interval
(layers 91–109). Mesotrophic conditions in surface waters could have been favorable to the appearance and expansion of torticones (Turrili-
toides and Mariella), and episodic density stratification of the water column, resulting in high nutrient availability in the lower part of the water
column and at the sea bottom would have allowed appearance of deep-nektonic ammonoids (Scaphites) and benthic macrofauna (bivalves).
(B) Upper part of the Breistroffer interval (layers 122–149). Low oligotrophic conditions in surface waters could explain the absence of Turrili-
toides and Mariella as well as the relative increase of Anisoceras and Hamites, considered to have been more competitive compared to the
torticones. Stable paleoenvironmental conditions favored the appearance and expansion of involute/evolute planispirals such as Puzosia. With
respect to the lower part of the Breistroffer interval, the increasing nutrient availability in the lower part of the photic zone could have been
favorable to Mortoniceras. The low abundance of bivalves could be explained by a reduced nutrient flux at the sea floor in times of generally
more oligotrophic conditions in the water column. Lechites, interpreted as a vertical migrant, would have been able to move up and down in
the water column, when trophic conditions in surface waters change from mesotrophic to oligotrophic, respectively.

abundance in the lower part of the Breistroffer interval.
However, in the uppermost part of the Blieux section,
where mesotrophic conditions in surface waters also pre-
vailed, torticones peak in abundance (Figs. 5, 6), while bi-
valves are rare (Fig. 2). The relative abundance of tortico-

nes is negatively correlated with that of nannofossil taxon
Nannoconus (r 520.228), which is considered to have been
a deep photic-zone dweller. So, only nutrient-rich surface
waters seem to have been favorable to the torticones (Fig.
11A).



136 REBOULET ET AL.

These observations imply that Albian torticones were
not nektobenthic, but probably quasiplanktic in the upper
part of the water column. They inhabited mainly neritic
paleoenvironments where trophic conditions were gener-
ally good (Fig. 10), and could occupy more distal paleoen-
vironments when food supplies in surface waters in-
creased (Fig. 11A).

U-shaped heteromorphic ammonoids (scaphitocones,
ancylocones, and hamitocones) are classically interpreted
as having an adult living chamber with an aperture point-
ing upward (Fig. 5; Westermann, 1996). However, Kaka-
badzé and Sharikadzé (1993) and, more recently, Monks
and Young (1998) proposed that some adult heteromorphs
had an aperture tilted towards the sea floor. Most U-
shaped heteromorphs probably had limited mobility
(quasiplanktic mode of life; Klinger, 1981; Jacobs and
Chamberlain, 1996), and lived in an oceanic epipelagic
habitat (midwater?; Batt, 1989; Westermann, 1996). Cen-
omanian U-shaped forms from the Western Interior Sea-
way are common during transgression, and rare in regres-
sion, pulses (Batt, 1989). Except for a few specimens of An-
isoceratidae, Albian U-shaped heteromorphs have not
been found on the Provence platform (Latil, 1996). In the
Blieux section, U-shaped heteromorphs are not abundant
except for Scaphites (Fig. 5), probably because of the rela-
tively proximal position of this section in the Vocontian ba-
sin. These forms mainly occur within the Breistroffer in-
terval (Fig. 5), interpreted as a maximum flooding stage
(Bréhéret, 1997). These observations could support an oce-
anic habitat (distal paleoenvironments) for most U-shaped
forms (Fig. 10).

Among heteromorphs, Anisoceras and Hamites occur in
low fluctuations of their absolute abundances but high
variations of their relative abundances (Figs. 5, 6). These
cephalopods can constitute an important part of the as-
semblages in intervals characterized by low oligotrophic to
oligotrophic conditions in surface waters (Fig. 6). In these
trophic conditions, Anisoceras and Hamites could be more
competitive than torticones (Fig. 11B).

Scaphites, which can be distinguished from the other U-
shaped forms, is the most important genus in absolute
abundance, and often well represented in the ammonoid
assemblages (Figs. 5, 6). These data could indicate that
this form inhabited more proximal paleoenvironments
than ancylocones and hamitocones (Fig. 10), and that
abundance of Scaphites is independent from fluctuations
of trophic conditions in the water column. This last obser-
vation implies that Scaphites was a vertical migrant, as
previously proposed by Westermann (1996). Within the
Breistroffer interval, the absolute abundance of Scaphites
correlates positively with the absolute abundance of bi-
valves (r 5 0.784; n 5 35). This suggests that Scaphites
could have lived near the sea bottom. A nektobenthic
mode of life was evoked for Scaphites by Batt (1989, 1993).
Considering Scaphites as a vertical migrant, it would have
been able to move up and down in the lower part of the wa-
ter column in order to exploit food-rich layers (Fig. 11),
rather than having been a nektobenthic form. The absence
of Scaphites on the Provence platform (Latil, 1996) also is
in agreement with a deep-nektonic mode of life (Fig. 10).
With respect to other U-shaped forms, which mainly lived
in distal paleoenvironments, the distribution of Scaphites
seems to have been controlled further by bathymetry. Sca-

phites, therefore, is interpreted as having been a vertical
migrant in the lower part of the water column. Considered
nektobenthic forms by Kakabadzé and Sharikadzé (1993)
and Monks and Young (1998), in this study, distinct modes
of life have been proposed for U-shaped heteromorphs.

Recent studies suggest that the majority of involute/evo-
lute planispiral Jurassic–Cretaceous ammonoids were
epipelagic, and that they generally lived in proximal pa-
leoenvironments. The involute/evolute planispiral ammo-
noids were probably mainly sluggish horizontal swimmers
in upper-mid waters; a few taxa are interpreted as having
been nektobenthic (Westermann, 1996). A nektobenthic
mode of life in shallow- to moderate depth is suggested for
sculpted, inflated planorbicones with quadrate whorls,
such as adult Acanthoceratidae (Westermann, 1996).
Large adults of Mortoniceras (Acanthocerataceae) from
the Provence platform have a similar morphology (Latil,
1996). Among involute/evolute planispirals, Mortoniceras
is an important genus in both absolute and relative abun-
dances, representing 85% of the total ammonoids in the
upper part of the Breistroffer interval of the Blieux section
(Figs. 7, 8). No quantified data are available for the Prov-
ence platform (Pont de Peille section), but Mortoniceras
seems to be found frequently (Latil, 1996). Therefore, they
probably inhabited the distal part of the neritic domain
(Fig. 10). The adult sizes of Mortoniceras found in the Vo-
contian basin (Mont-Risou section, Gale et al., 1996;
Blieux section, Proux, 2001) are smaller than those of
specimens found on the Provence platform by Latil (1996).
With a nektobenthic or a deep-nektonic mode of life, the
smaller size could be related to a slow growth rate of the
shell under conditions of higher hydrostatic pressure and/
or lower water temperature in deep paleoenvironments,
as was suggested for some Valanginian ammonoid assem-
blages (Reboulet, 2001). The absolute abundance of Mor-
toniceras does not correlate with that of bivalves (r 5
0.005; n 5 81). However, their absolute and relative abun-
dances both correlate (r 5 0.428 and r 5 0.478, respective-
ly; n 5 56) with those of the nannofossil genus Nannocon-
us, which is considered a deep form, living in the lower
part of the photic zone associated with a deep nutricline
(Erba, 1994). This suggests that Mortoniceras probably
had a deep-nektonic rather than a nektobenthic mode of
life, and inhabited the lower part of the epipelagic zone
(Fig. 11B). The very low abundance of Cantabrigites in the
Blieux section (Figs. 7, 8) does not allow discussion of hab-
itat and mode of life here.

After the Turrilitidae (80%), the Pont de Peille section
(North-Provence platform) is characterized by Stoliczkai-
inae (Acanthocerataceae), which represent ;10% of the
ammonoid assemblage (Latil, 1996). Except in one layer of
the Blieux section, the relative abundance of Stoliczkaia
does not exceed 5% (Fig. 8). This may indicate that Stoli-
czkaia preferentially lived in neritic domains (Fig. 10).
The adult size of Stoliczkaia found in the Vocontian basin
(Mont-Risou section, Gale et al., 1996; Blieux section,
Proux, 2001) is smaller than that of specimens found on
the Provence platform by Latil (1996). As was envisaged
for Mortoniceras, a nektobenthic or a deep-nektonic mode
of life could explain this adult size variation.

Among the involute/evolute planispirals, most species of
Cretaceous Phylloceratidae (Phylloceratina), Tetragoniti-
dae, Gaudryceratidae (Lytoceratina), and Desmoceratidae
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(Ammonitina) are characterized by long septal necks and
relatively narrow, thick-walled siphuncular tubes that en-
hance the mechanical strength of the siphuncle against
high hydrostatic pressure; these morphological features of
siphuncle are interpreted as probable convergent adapta-
tions to life in deep waters (Doguzhaeva, 1988; Wester-
mann, 1990, 1996; Tanabe et al., 1993; Lehmann, 2000).
Phylloceratina and Lytoceratina (the leiostraca) generally
are considered to have been deep-water cephalopods (Zie-
gler, 1967; Cecca, 1992) that may have been able to occupy
habitats below the photic zone (Kennedy and Cobban,
1976; Westermann, 1996). They probably were nektope-
lagic forms (Cecca et al., 1993) and were generally abun-
dant in the deep epioceanic domain between the European
and African plates (Cecca, 1998). However, their local
abundance in some shallow-water deposits indicates that
they were not confined to deep-water habitats; distal pa-
leoenvironments (offshore) rather than deep waters may
have been the main habitats of Phylloceratina and Lyto-
ceratina (Kennedy and Cobban, 1976).

Valanginian Phylloceratina and Lytoceratina are found
frequently in the deep paleoenvironments of the Vocon-
tian basin, but are common (Lytoceras) or rare to absent
(Phylloceras) on the surrounding platforms (Reboulet,
1996, 2001). In the uppermost Albian ammonoid assem-
blage of the Pont de Peille section (Provence platform),
Phylloceratidae and Lytocerataceae are very rare but not
absent (Latil, 1996). The very low abundances of Hypo-
phylloceras (Phylloceratina), Tetragonites, Anagaudrycer-
as, and Zelandites (Lytoceratina) could be related to the
relatively proximal position of the Blieux section with re-
spect to the oceanic domain. These cephalopods are more
abundant during the Breistroffer interval, which is inter-
preted as a maximum flooding stage (Fig. 7). Tetragonites,
Anagaudryceras, and Zelandites are slightly more abun-
dant and frequent in the upper part of this interval, which
is characterized by low oligotrophic to oligotrophic condi-
tions (Figs. 7, 8). These stable paleoenvironmental condi-
tions could favored their appearance. With respect to Hy-
pophylloceras, which does not show significant differences
in its abundance and frequency between the lower and up-
per parts of the Breistroffer interval, Tetragonites, Ana-
gaudryceras, and Zelandites seem to have been more de-
pendent on paleoenvironmental variations. This suggests
that they had shallower habitats than Hypophylloceras
(Fig. 10). That is also probably the case for Valanginian
leiostraca; with respect to Phylloceras, the shallower hab-
itats of Lytoceras partly could explain their greater abun-
dance on platforms. Using stable isotopic data from speci-
mens from the northwestern Pacific, Moriya et al. (2003)
suggested a demersal habitat for some Campanian Hypo-
phylloceras and Tetragonites. However, comparisons with
the Albian genera must be made carefully because paleo-
geographic, paleoceanographic, and paleoclimatic condi-
tions changed from the Late Albian to Campanian (Gale,
2000), and could explain their different habitat and/or
mode of life.

Contrary to other Albian pelagic Lytoceratina, Kossma-
tella is common in the Blieux section (Fig. 7). Its domi-
nance (80% in layer 25, Fig. 8) at the base of the section is
correlated with the great abundance of benthic material
(aucellines) mainly due to transport from platforms. These
observations suggest that Kossmatella probably inhabited

more proximal paleoenvironments than other Lytocerati-
na (Fig. 10). The absolute abundance of Kossmatella has
the highest positive correlation index with the absolute
abundance of bivalves (r 5 0.63; n5 81). A nektobenthic
mode of life can be proposed for Kossmatella.

In the Blieux section, Desmoceratidae (Puzosia and Des-
moceras) generally are more abundant and frequent than
Phylloceratina and Lytoceratina (Figs. 7, 8). In the upper-
most Albian ammonoid assemblage of the Pont de Peille
section (Provence platform), Desmocerataceae also seems
more frequent than Phylloceratidae and Lytocerataceae
(Latil, 1996). These observations suggest that Desmocer-
atidae (particularly Puzosia, which is more abundant than
Desmoceras in the Blieux section) inhabited more proxi-
mal paleoenvironments than Hypophylloceras, Tetragoni-
tes, Anagaudryceras, and Zelandites (Fig. 10). Batt (1989)
noted that desmoceratid shells are most abundant in prox-
imal to medial offshore facies of the Western Interior Sea-
way, but he interpreted these occurrences as the result of
post-mortem drift from deeper areas. This author also sug-
gested a nektobenthic mode of life in deep waters for des-
moceratids, considering their narrow, thick-walled si-
phuncles (Westermann, 1971; Ward and Signor, 1983). In
the Blieux section, because the abundances of Puzosia and
Desmoceras are low or negatively correlated with those of
bivalves (r 5 0.032 and r 520.001, respectively), these
ammonoids probably had a deep-nektonic rather than a
nektobenthic mode of life. Puzosia is very abundant in the
upper part of the Breistroffer interval, where it can consti-
tute an important part of the assemblages (Figs. 7, 8). Des-
moceras also is more abundant in this part of the Blieux
section, which is characterized by low oligotrophic to oli-
gotrophic conditions. These stable paleoenvironmental
conditions could favored the development of Desmocerati-
dae. With respect to Lytoceratina (except Kossmatella),
which show a low increase in their abundance and fre-
quency in the upper part of the Breistroffer interval, Des-
moceratidae seem more dependent on paleoenvironmen-
tal variations. This suggests that Desmoceratidae (partic-
ularly Puzosia) had shallower habitats than these Lyto-
ceratina.

The very low abundance of hoplitids (Discohoplites and
Callihoplites) in the Blieux section and, probably, on the
Provence platform (Latil, 1996), could be explained by
their paleobiogeographic distribution. The North-Europe-
an province is characterized by Hoplitidae, which have
been used to establish the detailed biostratigraphic scale
of the Albian (Owen, 1971, 1984), but can hardly be used
in the Mediterranean Province (Latil, 1996). Hoplitids
generally are limited to the boreal realm and are known
only as rarities elsewhere (Kennedy and Cobban, 1976).

CONCLUSIONS

The quantitative analysis of ammonoids compared with
data on bivalves and on nannoplankton across the Breis-
troffer interval (OAE 1d, Latest Albian) investigated for
the Blieux section (southeast France) shows two major
features.

(1) Post-mortem transport of shells can be minimized in
explaining ammonoid abundance variations. Taphon-
omy of the specimens suggests rapid sinking and buri-
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al of the shells. The variation of the fragmentation in-
dex, defined to estimate the preservation state, is not
large enough to explain the significant changes in the
absolute abundance of the macrofauna. This variation
may have been controlled partly by a dilution factor in
relation to third-order sea level variations recognized
in the Late Albian sediments of the Vocontian basin.
Decrease in sediment accumulation rates during the
Breistroffer interval, interpreted as a maximum flood-
ing stage, partly could explain the highest abundance
of ammonoids. Depletion of macrofauna below and
above the Breistroffer interval in part would reflect in-
creased sedimentary dilution by terrigenous input and
platform-derived carbonate muds, respectively. How-
ever, a dilution mechanism cannot explain the differ-
ent trends observed between benthic and ammonoid
macrofaunas and among different ammonoid taxa.

(2) This integrated study confirms that food availability
in the water column was an important factor control-
ling the abundances of some ammonoids and some-
times the spatial distribution of individual genera,
such as Turrilitoides and Mariella. These torticones
may have been quasiplanktic and inhabited mainly
neritic paleoenvironments. Colonization of more distal
paleoenvironments became possible when food sup-
plies increased (mesotrophic conditions in surface wa-
ters). Lechites (orthocone) probably inhabited epipe-
lagic distal paleoenvironments. This vertical migrant
would have been able to move up and down in the wa-
ter column to exploit food-rich layers when trophic
conditions in surface waters changed from mesotro-
phic to oligotrophic, respectively. Most of the U-
shaped Late Albian heteromorphs (scaphitocones,
hamitocones, and ancylocones) probably lived in an
oceanic epipelagic habitat. Compared with the torti-
cones, Anisoceras and Hamites could have been more
competitive when oligotrophic conditions prevailed in
surface waters. More proximal paleoenvironments are
suggested for Scaphites, which would have been able
to move up and down in the lower part of the water col-
umn in order to exploit food-rich layers. It seems that
stable paleoenvironmental conditions favored the in-
troduction and expansion of involute/evolute plani-
spirals. Mortoniceras probably inhabited the distal
part of the neritic domain and had a deep-nektonic
mode of life in the lower part of the epipelagic zone.
Stoliczkaia preferentially lived in neritic paleoenvi-
ronments; a nektobenthic or a deep-nektonic mode of
life could be suggested for this genus. Hypophyllocer-
as, Tetragonites, Anagaudryceras, and Zelandites in-
habited mainly distal paleoenvironments. In contrast,
Kossmatella and Puzosia probably lived in more prox-
imal paleoenvironments. A nektobenthic and a deep-
nektonic modes of life are proposed for Kossmatella
and Puzosia, respectively.
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BRÉHÉRET, J.G., 1997, L’Aptien et l’Albien de la fosse vocontienne
(des bordures au bassin). Evolution de la sédimentation et enseig-
nements sur les événements anoxiques: Publication de la Société
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franco-suisses): Publications du Département de Géologie et de
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Geobios, Mémoire Spécial, v. 18, p. 155–165.

FERRY, S., and RUBINO, J.L., 1989, Mesozoic Eustacy Record on West-
ern Tethyan Margins. Guide-book of the post-meeting field trip in
the Vocontian Trough, 25th–28th November 1989, 2ème Congrès
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ate platforms as recorders of high-amplitude eustatic sea-level
fluctuations: the late Albian R-event: Basin Research, v. 5, p. 197–
212.

GUEX, J., 2001, Environmental stress and atavism in ammonoid evo-
lution: Eclogae Geologicae Helvetiae, v. 94, p. 321–328.

HANTZPERGUE, P., 1995, Faunal trends and sea-level changes: biogeo-
graphic patterns of Kimmeridgian ammonites on the Western Eu-
ropean Shelf: Geologische Rundschau, v. 84, p. 245–254.

HOEDEMAEKER, P.J., and BULOT, L., 1990, Preliminary ammonite zo-
nation for the lower Cretaceous of the Mediterranean region: Géo-
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OLÓRIZ, F., CARACUEL, J.E., RUIZ-HERAS, J.J., RODRı́GUEZ-TOVAR,
F.J., and MARQUES, B., 1996, Ecostratigraphic approaches, se-
quence stratigraphy proposals and block tectonics: examples from
epioceanic swell areas in south and east Iberia: Palaeogeography,
Palaeoclimatology, Palaeoecology, v. 121, p. 273–295.

OWEN, H.G., 1971, Middle Albian stratigraphy in the Anglo-Paris Ba-
sin: Bulletin of the British Museum of Natural History, v. 8, 164 p.

OWEN, H.G., 1975, The stratigraphy of the Gault and Upper Green-
sand of the Weald: Proceeding of the Geologists’ Association of
London, v. 86, p. 475–498.

OWEN, H.G., 1984, The Albian Stage: European province chronology
and ammonite zonation: Cretaceous Research, v. 5, p. 329–344.

PROUX, O., 2001, Succession des ammonites de l’Albien supérieur–
Cénomanien inférieur et analyse de leur diversité en relation avec
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PUCÉAT, E., LECUYER, C., SHEPPARD, S.M.F., DROMART, G., REBOU-
LET, S., and GRANDJEAN, P., 2003, Thermal evolution of Creta-
ceous Tethyan marine waters inferred from oxygen isotope com-
position of fish tooth enamels: Paleoceanography, v. 18, doi: 1029/
2002PA000823.

RAWSON, P.F., 1993, The influence of sea level changes on the migra-
tion and evolution of early Cretaceous (pre-Aptian) ammonites: in
House, M.R., ed., The Ammonoidea: Environment, Ecology and
Evolutionary Change, The Systematic Association SpecialVolume

47: Oxford Science Publications, Clarendon Press, Oxford, p. 227–
242.

REBOULET, S., 1996, L’évolution des ammonites du Valanginien–
Hauterivien inférieur du bassin vocontien et de la plate-forme
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APPENDIX

LIST OF AMMONOID TAXA

Taxa are grouped into twelve families, using the supra-specific
classification proposed by Wright et al. (1996).

Heteromorphic ammonoids:

Anisoceratidae Hyatt
Anisoceras Pictet

A. armatum (Sowerby)
Hamitidae Gill

Hamites Parkinson
H. duplicatus Pictet and Campiche

Hemiptychoceras Spath
H. subgaultinum Breistroffer

Turrilitidae Gill
Mariella Nowak

M. (M.) bergeri (Brongniart)
Turrilitoides Spath

T. hugardianus (d’Orbigny)
Baculitidae Gill

Lechites Nowak
L. (L.) gaudini Pictet and Campiche

Scaphitidae Gill
Scaphites Parkinson

S. (S.) hugardianus d’Orbigny
Worthoceras Adkins

W. pygmaeum Butjor
Involute/evolute planispiral ammonoids:
Brancoceratidae Spath

Mortoniceras Meek
M. (Durnovarites) perinflatum Spath

Cantabrigites Spath
C. cantabrigense Spath

Lyelliceratidae Spath
Stoliczkaia Neumayr

S. (Faraudiella) blancheti (Pictet and Campiche)
S. (S.) dispar (d’Orbigny)

Hoplitidae Douvillé
Callihoplites Spath
Discohoplites Spath

D. coelonotus (Seely)
Desmoceratidae Zittel

Puzosia Bayle
P. (P.) mayoriana (Sowerby)

Desmoceras Zittel
D. (D.) latidorsatum (Michelin)

Tetragonitidae Hyatt
Tetragonites Kossmat

Gaudryceratidae Spath
Anagaudryceras Shimizu
Zelandites Marshall
Kossmatella Jacob

Phylloceratidae Zittel
Hypophylloceras Salfeld
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