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Abstract The relative abundance of Biscutum in calcareous nannofossil assemblages is commonly used as a
proxy for surface-water fertility. This utility as an indicator of elevated fertility in surface waters has led to the use of
Biscutum abundances in investigations of oceanic anoxic events, which are often associated with elevated surface-wa-
ter productivity. This study presents a global dataset of Biscutum relative-abundance values through the Cretaceous.
Previously unpublished abundance data from a composite section of North American mid-latitude localities are also
included. After an Albian/Cenomanian (nannofossil zones CC8-10) peak, an abrupt global decrease in the relative
abundance of Biscutum occurred in the Turonian (CC11). After this decrease, average relative abundance values never
again approached pre-Turonian levels. The average relative abundance after the decrease was less than half of the
pre-Turonian average. The onset of extreme palaeoceanographic conditions associated with Oceanic Anoxic Event 2
may have permanently disrupted the role of Biscutum as the primary productivity indicator for the remainder of the
Cretaceous, however, the unidirectional nature of the abundance shift suggests that a more permanent driver affected
Biscutum. This permanent change may be linked to initiation of widespread chalk deposition by the Late Albian, a
stabilised mode of ocean circulation, increased water-column stratification and nutrient partitioning between surface

and deeper waters, thereby altering the evolution of Biscutum for the rest of the Cretaceous.
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1. Introduction

Elevated abundances of Biscutum, in association with
high surface-water fertility conditions, have been reported
in several quantitative studies from a variety of settings.
Biscutum is widely recognised as one of the most extreme
Cretaceous examples of r-selected (opportunist) taxa that
were adapted to eutrophic environments (Bown, 2005).
Roth (1981) was the first to use Biscutum constans as an
indicator of high-fertility surface-water conditions, by as-
sociating former upwelling sites with high species abun-
dances. Roth & Bowdler (1981) noted the prevalence of B.
constans and B. gartneri in neritic assemblages purported
to be associated with advection of nutrient-rich waters.
Roth & Krumbach (1986) later used statistical analyses
to demonstrate the relationship between B. constans, Zeu-
grhabdotus (as Zygodiscus) erectus, and high surface-wa-
ter fertility conditions. Watkins’ (1989) study of cyclical-
ly-bedded shales and chalks in the Western Interior Basin
of North America demonstrated that significantly higher
abundances of B. constans occured in low-diversity marl
deposits, suggesting that the marls were deposited during
times of relatively high productivity (i.e. mesotrophy),
dominated by the fertility indicators B. constans and Z.
erectus. Later studies agreed with Watkins’ (1989) con-

clusions and additionally suggested that B. constans may

be associated with mesotrophic, rather than eutrophic,
surface-water conditions, based on variable distributions
of B. constans and Zeugrhabdotus sp. (Erba, 1992; Erba
etal., 1992).

The utility of Biscutum as a surface-water fertility
proxy has led to its use in the study of oceanic anoxic
events (OAEs: e.g. Erba, 2004; Bornemann et al., 2005;
Eleson & Bralower, 2005; Watkins et al., 2005; Linnert
et al., 2010, 2011), which, in some cases, may have been
caused by increased surface-water productivity. Short-
term changes associated with OAEs (e.g. isotopic shifts,
species abundance fluctuations) were superimposed onto
long-term, fundamental shifts, which occurred during the
Cretaceous, including changes in ocean circulation, water-
column structure, nutrient partitioning, pelagic sedimenta-
tion, sea level and climate (e.g. Leckie et al., 2002; Hay,
2008; Giorgioni et al., 2015). Significant changes also oc-
curred within marine plankton communities. During the
great mid-Cretaceous transgression, calcareous plankton
invaded epeiric seas and found new ecospace for prolifera-
tion. As such, Late Cretaceous nannoplankton communi-
ties were distinct from those of the Early Cretaceous, due
to the appearance and radiation of several new coccolith
and nannolith groups (e.g. Prediscosphaera, Micula, Qua-

drum, Lithastrinus, Kamptnerius, Ceratolithoides, Cal-
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culites, Aspidolithus and Lucianorhabdus: Bown et al.,
2004; Erba, 2006).

Perhaps the most striking difference between Upper
and Lower Cretaceous strata is the shift from predomi-
nately black shale to chalk deposition during the middle
Cretaceous (Hay, 1995: Giorgioni et al., 2015). The ori-
gin of Cretaceous chalk remains controversial, and sev-
eral factors likely contributed to the observed shift in
global sedimentation patterns. As levels of volcanism and
ocean-crust production increased in the Early Cretaceous,
sea level rose and Earth warmed appreciably. Increased
hydrothermal activity, due to increased rates of sea-floor
spreading, and reduced oceanic Mg/Ca ratios may have
preconditioned the ocean for the spread of pelagic carbon-
ate (Stanley & Hardie, 1998). Continental margins were
flooded, resulting in the formation of shallow, epeiric seas
(Hay, 2008). The creation of warm, stratified seas during
the Albian through Turonian resulted in a shift in the eco-
system structure of marine plankton communities, as wa-
ters in the euphotic zone became nutrient-starved (Leckie
et al., 2002). Homogeneous §"*C values in the Upper Al-
bian signal a change toward a more stable ocean-circula-
tion mode, as compared to earlier times (Giorgioni et al.,
2015). Ocean basins became more connected, while the
thermocline, surface currents and bottom-water ventila-
tion stabilised (Giorgioni ef al., 2015). Deposition shifted
from primarily organic-carbon-rich black shales in Tethy-
an basins to chalk deposition along flooded continental
margins and, eventually, in open-ocean settings (Leckie et
al., 2002; Giorgioni et al., 2015). All of the above pro-
cesses combined to result in stratified, oligotrophic to
mesotrophic, carbonate-based ecosystems, which came to
characterise the chalk seas for the remainder of the Late
Cretaceous.

A global synthesis of Valanginian to Maastrichtian Bis-
cutum relative abundance data is presented, as compiled
from 19 published datasets, as well as a new dataset from
North America. The incorporated sections cover a wide
range of geographic and oceanographic settings, and the
resulting compilation is evaluated in light of Cretaceous
palaeoceanography.

2. Materials and methods
Abundance data presented in this study were collected
from 19 published datasets, the majority of which were

generated in conjunction with the Deep Sea Drilling Pro-
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gram (DSDP) or Ocean Drilling Program (ODP; Figure
1, Table 1). The selected datasets were chosen with the
aim of providing a globally-representative set of Biscu-
tum abundance data that encompasses a range of latitudes
and oceanographic settings. Of the 19 datasets, 16 contain
semi-quantitative Biscutum abundance data, while three
include quantitative data (Table 1). In order to provide a
common temporal framework, all samples were assigned
to a CC nannofossil zone (after Perch-Nielsen, 1985).
Inability to assign samples to a zone generally resulted
from a paucity of marker-species used in the CC zonation
scheme. Samples with poor preservation were excluded
from analysis in order to avoid preservational bias in the
abundance data. The sample preparation methodology
used in the published studies is consistent, with only mi-
nor differences. With the exception of two studies, all of
the previously-published data were collected from sam-
ples prepared using simple smear-slide techniques; Ce-
pek (1978) and Cepek (1981) prepared smear-slides from
sediment samples pre-treated with an ultrasonic apparatus.
Since the preparation methods are similar across studies,
we did not anticipate any bias in the physical distribution
of the coccoliths, and thus bias resulting from varying
methodologies in the resulting datasets.

In order to facilitate comparison, relative abundance
data from each sample were standardised. The relative
abundance categories used by the majority of authors in-
cluded in the database were selected as the standard cat-
egories (Table 1). Data requiring normalisation was mini-
mised by choosing the categories used by most authors to
serve as that standard. Data classified using an alternative
scheme were normalised to fit the standardised categories.
For example, Ladner & Wise (1989) determined a taxon
to be ‘rare’ if one specimen was documented in 101-1000
fields of view (FOV) and ‘few’ if one specimen was ob-
served per 11-100 FOV. In the standardised categories ad-
opted here, taxa that the authors classified as ‘rare’ or ‘few’
are considered ‘rare’ (i.e. one specimen per 11-=200 FOV)
in the standardised categories. Standardised relative abun-
dance categories were also applied to quantitative data, as
shown in Table 2.

All data were normalised per zone, in order to avoid
sampling bias. Some events or intervals in the Cretaceous,
such as OAEs, are more frequently investigated than oth-
ers. In order to avoid bias due to the inequal distribution

of studied sections in the Cretaceous, relative abundance
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Figure 1: Location of datasets (see Table 1 for author information)

Location

Study Age Range

Citation

North Atlantic Ocean
North Atlantic Ocean
North Atlantic Ocean
North Atlantic Ocean
North Atlantic Ocean
North Atlantic Ocean
Atlantic Ocean
Atlantic Ocean
Atlantic Ocean
Atlantic Ocean
Atlantic Ocean
South Atlantic Ocean
North America

Gulf of Mexico
North Pacific Ocean
Pacific Ocean
Pacific Ocean
Pacific Ocean

Indian Ocean

Indian Ocean

Table 1: Locations, age ranges and references of datasets. *Quantitative relative abundance data

Aptian-Cenomanian
Albian-Coniacian
Campanian-Maastrichtian
Albian-Maastrichtian
Campanian-Maastrichtian
Albian-Cenomanian
Albian
Albian-Maastrichtian
Albian-Santonian
Aptian-Campanian
Aptian-Maastrichtian
Albian-Maastrichtian
Albian-Maastrichtian
Berriasian-Cenomanian
Aptian-Maastrichtian
Aptian-Cenomanian
Berriasian-Maastrichtian
Aptian-Turonian
Aptian-Maastrichtian
Turonian-Maastrichtian

(all other references contain semi-quantitative data)

Relative abundance

(1) Applegate & Bergen, 1988
(3) Cepek, 1978

(7) Ladner & Wise, 2001

(10) Okada & Thierstein, 1979
(14) Schmidt, 1978

(18) Wiegand, 1984

(6) Kulhanek & Wise, 2006
(16) Watkins & Verbeek, 1988
(17) Watkins et al., 1998

(19) Wise, 1983

(20) Wise & Wind, 1977

(11) Perch-Nielsen, 1977

(2) Brace & Watkins, 2014*
(15) Watkins & Bowdler, 1984
(4) Cepek, 1981

(5) Erba, 1992%

(8) Lees & Bown, 2005

(13) Roth, 1981

(9) Moran, 1992

(12) Resiwati, 1991

Fully-quantitative criteria

category Semi-quantitative criteria (% of total assemblage)
X (Absent) no occurrences no occurrences
R (Rare) 1 specimen per 11->200 FOV <2%
F (Few) 1 specimen per 2-10 FOV 2-10%
C (Common) 1-10 specimens per FOV 11-20%
A (Abundant) >10 specimens per FOV 21-40%
D (Dominant) >100 specimens per FOV >40%

Table 2: Standardised relative abundance categories applied to composite dataset

datapoints were normalised per CC
zone. This was accomplished by
dividing the total number of data-
points in each zone by the number
of occurrences in a given relative
abundance category. For example,
67 of the 885 total datapoints fall
within CC10. Of those 67 samples,
46.3% (31/67 samples) were clas-
sified as ‘common’. This point is
plotted in CCI10 corresponding to
the ‘common’ relative abundance
category. The size of the point is
proportional to the number of ‘com-
mon’ occurrences out of total occur-
rences in CC10. Assigning samples
to common biostratigraphic zones
and relative abundance categories,
and normalising by zone, eliminates
sampling bias, facilitates compari-
son across different types of data,
and presents the data clearly to al-
low investigation of abundance
trends through time.
Previously-unpublished  abun-
dance data are included from 147
samples from five North American

localities: three from the Western
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Figure 2: Late Cretaceous palacogeographic reconstruction of North
America (modified from Blakey, 2012; palaeolatitudes estimated), show-
ing localities used to generate new relative abundance dataset

Interior Basin (Washington County, Kansas; Smoky Hill
type-area; Sisseton, North Dakota), one from the North
Atlantic Ocean (ODP Leg 171B, Holes 1049A, 1050C and
1052E) and one from the Gulf of Mexico (DSDP Leg 10,
Site 95: Figure 2). Sample locations were chosen based
on average preservation and stratigraphic coverage, as
previously established by Shamrock & Watkins (2009).
Samples with low nannofossil abundance and/or poor
preservation were excluded. All samples from which new
data are presented were prepared using the slurry-smear
method (Watkins & Bergen, 2003) and examined using
an Olympus BX-51 light microscope at 1250x magnifi-
cation. Relative abundance data are included only for the
Biscutum constansl/ellipticum-type species (i.e. Biscutum
ubiquem of Brace & Watkins, 2014). Other species of Bis-
cutum (e.g. B. coronum, B. dissimilis, B. melaniae, B. no-
taculum) are not included in the analyses, as they do not
comprise a significant portion of the overall assemblage

and have no known utility as productivity indicators.

3. Results
A total of 885 samples were included in this study, after
excluding those that were not constrained to a CC zone or

were poorly preserved. Quantitative data were collected
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from 212 of the 885 total samples, while the remaining
673 consist of semi-quantitative data. All of the data are
presented together in Figure 3, while Figure 4 shows only
the quantitative data subset.

Figure 3 presents the total compilation of standardised
Biscutum relative-abundance data. Each sample was as-
signed to a CC zone and placed in one of six abundance
categories, according to the standardised relative abun-
dance categories described in Table 1. The relative abun-
dance of Biscutum species is ‘common’ from the Valangin-
ian through the Lower Turonian (CC7 to CCl11), barren
through the Middle Turonian and Coniacian (CC12 to
CC15), and ‘rare’ and ‘few’ through the rest of the Up-
per Cretaceous (Santonian through Maastrichtian, CC16
to CC26).

Figure 4 contains the quantitative subset of Biscutum
relative-abundance data. No abundance standardisation
was applied; the data are plotted directly without normali-
sation. Again, each sample was assigned to a CC zone.
Each point on the graph in Figure 4 is equal to one data-
point. Of the 885 total samples, 212 contain quantitative
abundance data and are included in Figure 4 (see Table 1
for citations). Peak relative abundance of Biscutum spe-
cies from CC8 to CC10 (Albian to Upper Cenomanian)
exceeds 35%. Beginning in the Lower Turonian (CC11),
abundances rapidly declined and never again achieve
similarly high levels. This same pattern of decreasing
abundance near the Cenomanian/Turonian boundary, and
permanently decreased abundances beyond that, reflected
in the quantitative data subset (Figure 4) are also apparent
in the semi-quantitative data (Figure 3).

Upon examination of Figures 3 and 4, it is clear that
a considerable and unidirectional decrease in the relative
abundance of Biscutum species began in CC11 (Lower
Turonian). Prior to CC11, maximum relative abundances
of Biscutum ranged from 13% to 41.4%, with an aver-
age value of 18.7%. From CCl11 through CC26 (Lower
Turonian through Maastrichtian), the maximum relative
abundances decreased and the average relative abundance
of Biscutum dropped precipitously to 8.8%. This is less
than half of the pre-CC11 average. The relative abundance
values from CC7 through CC11 are statistically different
from the abundances documented in CC13 through CC26,
as shown by a post hoc Tukey test (p=8.6x10).

The only exceptions to the observed trend of decreas-

ing abundance from CC11 (Lower Turonian) through the
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end of the Cretaceous are three outliers in CC23 and CC24,
as indicated in Figure 4. These three datapoints come from
the new North American dataset. Two of the datapoints
are from Hole 1049A at Blake Nose (25.0 and 26.1%),
while the third is from Sisseton, SD (22.9%). Blake Nose
is located on the North American continental shelf, while
the Sisseton locality was located in an interior seaway. The
cause of the high relative abundances is unclear, but the
apparent spike in relative abundances against otherwise-
low background values at two oceanographically distinct
sites suggests that the results are not artifacts, but are rep-
resentative of widespread conditions at that time, although
determination of the exact nature of these outliers requires

further investigation.

4. Discussion

Biscutum abundance values in the Late Cretaceous nev-
er again achieved levels attained prior to CC11 (Early
Turonian; Figures 3, 4). Figure 3 shows the majority of oc-
currences per zone prior to the mid-Cretaceous as falling
within the ‘common’ relative abundance category. After
the abundance shift in CC11, most datapoints fall within
the ‘few’ and ‘rare’ categories; ‘common’ occurrences af-
ter CC11 consist of <15% of the datapoints per zone. It is
important to note that, although the shift in relative abun-
dance from ‘common’ to ‘few’ may appear nominal, the
semi-quantitative abundance categories differ from one
another by approximately one order of magnitude (Table
2). The inflection point of the observed decrease in the
mid-Cretaceous (CC11) corresponds with the onset of fun-
damental changes in the Cretaceous ocean-climate system,
including widespread deposition of chalk, associated with
nutrient partitioning between surface and deeper waters,
and a more stable mode of ocean circulation (Leckie et al.,
2002; Giorgioni et al., 2015).

As levels of volcanism and ocean-crust production
increased, starting in the Early Cretaceous, sea-level rose
and Earth warmed appreciably. Continental margins were
flooded, resulting in the formation of shallow, epeiric sea-
ways (e.g. Hay,2008). The creation of warm, stratified seas
during the Albian through Turonian resulted in a shift in
the ecosystem structure of marine plankton communities,
as waters in the euphotic zone became nutrient-starved.
Deposition shifted from primarily organic-carbon-rich
black shales in Tethyan basins to chalk deposition along
flooded continental margins (e.g. Leckie ef al., 2002). All
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of the above processes combined to result in stratified,
oligotrophic to mesotrophic, carbonate-based ecosystems,
which came to characterise the chalk seas for the remain-
der of the Late Cretaceous.

Several authors have used the opportunist Biscutum
to identify occurrences of elevated surface-water pro-
ductivity (e.g. Roth, 1981; Roth & Bowdler, 1981; Roth
& Krumbach, 1986; Watkins, 1989; Erba, 1992; Erba et
al., 1992; Erba, 2004; Bornemann et al., 2005; Eleson &
Bralower, 2005; Watkins et al., 2005; Linnert et al., 2010,
2011). In Watkins’ (1989) study of the Western Interior
Seaway, he noted increased abundances of Biscutum con-
stans and low nannofossil diversity in marls associated
with mesotrophic surface-water conditions. Similarly,
Lower Cretaceous strata dominated by black shale deposi-
tion are shown in the current study to have much higher
abundances of Biscutum than the Upper Cretaceous strata
dominated by chalk deposition. The decrease in Biscutum
relative abundance values occurs in the mid-Cretaceous,
coincident with the onset of chalk deposition and associ-
ated nutrient partitioning.

As widespread chalk deposition was initiated, the me-
sotrophic to eutrophic Biscutum may have been negatively
impacted by concomitant reduction of nutrients in the sur-
face water. As demonstrated in several previous studies,
Biscutum comprises a significant portion of nannofossil
assemblages during periods of elevated surface-water fer-
tility until the middle Cretaceous. With the onset of up-
per water-column stratification and nutrient partitioning,
areas of elevated nutrients were limited and, as such, ar-
eas where the opportunist Biscutum could proliferate were
limited as well.

This large-scale, fundamental ocean-climate-system
transition was punctuated at the Cenomanian-Turonian
boundary by OAE2, one of the largest global-carbon-cy-
cle perturbations of the Phanerozoic (e.g. van Helmond
et al., 2013). OAE2 is associated with burial of massive
amounts of organic carbon, which resulted in a >2%o posi-
tive carbon isotope excursion (Arthur et al., 1988) and
peak global temperatures (e.g. Wilson et al., 2002; Forster
et al., 2007), related to high levels of atmospheric CO,.
Volcanism, specifically emplacement of the Caribbean
Plateau, is considered a possible triggering mechanism
for the extreme warmth, as well as a source of biolimiting
trace metals (Erba, 2004). Recent work also suggests that

the OAE2 interval was characterised by an accelerated hy-
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Figure 3: Semi-quantitative relative abundance of Biscutum plotted against time and normalised by CC zone (CC zones after Perch-Nielsen, 1985).

See Table 2 for abundance categories

drologic cycle, supplying nutrients to coastal waters and
potentially contributing to ocean anoxia (van Helmond et
al.,2013).

The global impacts of OAE2 were geologically short-
lived. Organic-carbon burial occurred over a discrete in-
terval, and sea-surface temperatures gradually returned

to pre-OAE2 values (e.g. van Helmond et al., 2013). The
abrupt decrease in Biscutum abundance values, however,
was not short-lived. In addition to the long-term changes
in oceanographic conditions, it is also possible that the
extreme palaecoceanographic conditions associated with
OAE2 may have affected the role of Biscutum as a fertility
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Figure 4: Quantitative relative abundance of Biscutum plotted against time and normalised by CC zone (CC zones after Perch-Nielsen, 1985)

indicator, as the marine plankton ecosystem was disrupted.
Extreme perturbations during OAE2 may have prevented
the re-establishment of Biscutum dominance for the rest of
the Cretaceous, but it is also clear that disruption in marine
plankton communities associated with OAE2 were over-
lain upon a pre-existing palaecoenvironmental transition,
which started in the Albian at the onset of chalk deposi-
tion.

Erba (2004) investigated the decline in Biscutum rela-
tive abundances during OAE2. The abundance decreases
documented at Eastbourne, England and Gubbio, Italy
are puzzling, since many other oceanographic proxies
(e.g. carbon isotopes) indicate that OAE2 was a time of
increased, not decreased, productivity, and should contain
a record of high relative abundances of fertility indicators
like Biscutum. One hypothesis to account for the observed
Biscutum decrease is the potential for metal toxicity, as a
result of inputs from volcanism. Massive volcanism dur-
ing the mid-Cretaceous likely released massive amounts
of biolimiting metals into the world ocean. Increased metal
levels in the oceans may have been toxic to species of coc-
colithophores. Erba (2004) postulated that metal toxicity
may account for the differential response of the common
fertility indicators B. constans and Zeugrhabdotus erectus

during and after OAE2. Trace elements have been shown

to play a vital role in coccolith formation (e.g. Okada &
Honjo, 1975), although a consensus has not been reached
on the exact role of each metal, likely due to species-spe-
cific responses (Jiang & Wise, 2006). Enhanced concen-
trations of trace metals that originated during OAE2 may
have permanently altered nannofossil assemblages and
prohibited the re-establishment of Biscutum as the primary
productivity-indicator.

Two different models have been invoked to explain the
widespread deposition of organic-rich black shales dur-
ing OAE2: the preservational model and the productivity
model. According to the preservational model, global de-
position of organic-rich sediments resulted from intense
stratification of the water-column due to sluggish ocean
circulation. Water-column stratification prevented oxy-
genation at the sediment-water interface, allowing organic
matter that reached the sea-floor to escape oxidation and
be buried (Schlanger & Jenkyns, 1976). Conversely, the
productivity model postulates generation of large amounts
of organic matter as driving the deposition of organic-rich
strata. Bacterial decomposition of organic matter con-
sumes oxygen, thus resulting in a positive feedback for
enhanced organic matter preservation (e.g. Linnert et al.,
2011).

Similarly, two different patterns of Biscutum abun-
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Figure 5: Quantitative relative abundance (n = 110) of Biscutum from low palaeolatitudes (<16°N/S) plotted against time (CC zones after Perch-
Nielsen, 1985). See Table 2 for abundance categories. Includes data from Roth (1981) and Erba (1992)

dance are observed across the Cenomanian-Turonian
boundary, which have been interpreted to support either
the preservational or productivity model. A decrease in
abundance, or total absence, of B. constans has been docu-
mented in the OAE2 interval by several authors from mid-
latitude sections (e.g. Paul ef al., 1999; Erba, 2004; Eleson
& Bralower, 2005; Linnert ez al., 2010, 2011). This trend
is also observed in the dataset compiled for this study (Fig-
ures 3, 4). In contrast, Hardas & Mutterlose (2007) exam-
ined sediments spanning OAE2 from Demerara Rise in the
western equatorial Atlantic, and documented an increase in
Biscutum constans throughout the OAE2 interval. Unfor-

tunately, the paucity of zonal marker species in Hardas &

Mutterlose’s (2007) studied section does not allow assign-
ment of CC zones, however, the synthesis presented in this
study includes data from a broad latitudinal range (51°S to
42°N), including samples from palaeolatitudes similar to
those examined by Hardas & Mutterlose (<15°N/S).
Demerara Rise was located within 15° latitude of the
Equator during the mid-Cretaceous (Suganuma & Ogg,
2006). Figure 5 presents the data subset from a palaco-
latitudinal range comparable to that of Demerara Rise
(<16°N/S). Peak Biscutum relative abundance values
through CC8 and CC9 are ‘abundant’, decrease to ‘few’
in CC10 and to ‘rare’ in CC11 and CC12. No occurrenc-

es were recorded from low latitudes from CC13 through
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CCI15. This is the same pattern that is observed in the
quantitative and semiquantitative datasets containing sam-
ples with a global distribution (Figures 3, 4). The simi-
larity in abundance patterns across broad latitudinal and
oceanographic ranges suggests that the pattern of increas-
ing abundance observed by Hardas & Mutterlose (2007)
at Demerara Rise may be the result of unique and local
oceanographic conditions at that site.

Additionally, results suggest that only the B. constans/
ellipticum-type species experienced an abundance de-
crease in the mid-Cretaceous. Additional species of Bis-
cutum are generally reported only at high-latitude sites,
while low- to mid-latitude sites are documented as having
lower species richnesses, often containing only one re-
ported Biscutum species. Due to the limited number of oc-
currences, as well as the very low abundances reported for
other species, it seems unlikely that the genus Biscutum
maintained a consistent population while the constituent
species fluctuated. The B. constans/ellipticum-type species
comprise virtually all occurrences at low- to mid-latitude
sites. While other species of Biscutum (e.g. B. magnum,
B. notaculum) are present at high-latitude sites, they com-
prise only a nominal proportion of the genus.

5. Conclusions

The Cretaceous was a time of long-term oceanographic
and climatic change, punctuated by severe marine pertur-
bations in the form of OAEs, especially OAE2. Biscutum
has been shown, in a variety of studies, to be associated
with mesotrophic to eutrophic surface-water conditions.
As the ocean-climate system changed dramatically through
the mid-Cretaceous, black shale deposition essentially
ceased, while chalk was deposited, first on continental
margins, and later in the open ocean. Chalk deposition
was facilitated by nutrient partitioning, stabilised ocean
circulation with discrete upwelling areas, better-connected
ocean basins, a stabilised thermocline and more persistent
bottom-water ventilation. Biscutum was either ill-adapted
to, or outcompeted in, new, stable oligotrophic surface-
conditions, and comprised a diminishing component of
nannofossil assemblages through the remainder of the
Cretaceous. During OAE2, massive volcanism may have
caused not only extreme high temperatures, but also may
have released massive amounts of biolimiting metals into
the world ocean, which may have been toxic to Biscutum
(Erba, 2004). OAE2 may have provided enough stress to
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perturb the role of Biscutum as a fertility indicator, while
the onset of nutrient partitioning and stratification prohib-
ited the re-establishment of Biscutum for the remainder of
the Cretaceous.
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