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Abstract
Living holoplanktonic gastropods (pteropods and heteropods) are
a common component of the zooplankton at all latitudes and are
highly sensitive indicators of surface ocean changes. Despite hav-
ing a fossil record that may extend from the Jurassic, there are few
detailed stratigraphic sequences of holoplanktonic gastropods
and, consequently, they are rarely used in biostratigraphy. This is
largely due to the susceptibility of their delicate aragonitic shells
to dissolution. However, in well-preserved sediments, fossil hol-
oplanktonic gastropods have the potential to contribute valuable
information for paleoceanography, paleoecology, and strati-
graphic correlation.

Here we present a ~300 ky record of holoplanktonic gastropods
from two sites cored/drilled offshore of Montserrat during Inte-
grated Ocean Drilling Program (IODP) Expedition 340. Oxygen
isotope stratigraphy was used to produce a stratigraphic frame-
work for each site, which was compared and correlated to the cor-
responding downcore abundances of holoplanktonic gastropods.
In addition, the record of previously cored Site CAR-MON 2, ~15
km southwest of IODP Site U1396, was compared to data at Sites
U1395 and U1394 to identify species associations that are repro-
ducible across the area. A number of downhole distributions were
found to correlate significantly across the three sites, highlighting
ten key species, three of which (Heliconoides inflatus, Creseis clava,
and Atlanta plana) display significant relationships to multiple
holoplanktonic gastropod species. Fluctuations in species abun-
dance were found not to be related to changes in temperature, lo-
cally or globally, and were more likely to indicate predator-prey
relationships or competition for prey. This made holoplanktonic
gastropod assemblages unsuitable as stratigraphic markers in this
area but improves our understanding of holoplanktonic gastro-
pod ecology in the Caribbean Sea.

Introduction
Holoplanktonic gastropods are uniquely adapted to live their en-
tire lives within the plankton. They can reach densities of up to
10,000/m3, constituting an important component of the ocean
food web at all latitudes (Fabry et al., 2008). There are two groups
of holoplanktonic gastropods: pteropods (Thecosomata and Gym-
nosomata) and heteropods (Pterotracheoidea). Within these
 doi:10.2204/iodp.proc.340.203.2015
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groups there are shelled, partially shelled, and shell-
less species, although shell-less species still have a
shell at the larval stage. Both pteropod and hetero-
pod shells are small, delicate, and formed of arago-
nite and are, consequently, particularly susceptible
to dissolution (Fabry, 1990) and mechanical damage.
Their shells are, however, frequently preserved in
shallow warm-water regions that are supersaturated
with respect to aragonite. Offshore of Montserrat, in
an area of exceptional calcium carbonate preserva-
tion, the fossil record of holoplanktonic gastropod
shells within the sediments is rich and accurately re-
flects the living population at the time of deposition
(Wall-Palmer et al., 2014b). Moreover, any sediment
transport, such as density current deposits that are
common in this area (Watt et al., 2012; Trofimovs et
al., 2013; Cassidy et al., 2014), fragments the delicate
shells, meaning that, where shells are present, their
stratigraphy is unlikely to have been affected by re-
working. All species of holoplanktonic gastropods
presented here are extant, and living examples can
be found in the oceans today.

Holoplanktonic gastropods are sensitive to environ-
mental changes (Maas et al., 2012), so their fossil re-
cord can be used as an archive of past ocean surface
conditions (Wall-Palmer et al., 2013, 2014b).
Changes in dominant holoplanktonic gastropod spe-
cies are often temperature driven, especially where
temperature has a large range over time (e.g., during
the Late Pleistocene in the Mediterranean Sea [Sbaffi
et al., 2001; Wall-Palmer et al., 2014b]). In the Lesser
Antilles, however, where temperature variations are
smaller over time, changes in species abundance can
be more difficult to interpret. Furthermore, there are
a number of holoplanktonic gastropods, in particu-
lar the heteropods, for which we know very little
about their environmental preferences, despite being
extant. This makes it difficult to use holoplanktonic
gastropods as stratigraphic marker species in such ar-
eas and obstructs their potential as paleoceano-
graphic indicators.

In this study, we present the downcore distribution
of all holoplanktonic gastropod shells found at Inte-
grated Ocean Drilling Program (IODP) Sites U1395
and U1394. Although their analysis has not allowed
detailed interpretations of the paleoceanography of
this area, a number of species associations have been
identified. It is anticipated that these data will help
to stimulate more widespread study of holoplank-
tonic gastropods in marine sediment cores, as well as
contributing new ecological information that can be
applied to living populations, in particular the het-
eropods, whose environmental requirements are cur-
rently poorly known.
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Methods
IODP Expedition 340 successfully collected cores
from three sites (U1396, U1395, and U1394) offshore
of Montserrat in the Lesser Antilles, Caribbean Sea
(Fig. F1). Sites U1395 and U1394 lie within the
Bouillante–Montserrat Graben, ~15 and ~33 km
from the island, respectively, and in the path of ma-
jor submarine landslides (Trofimovs et al., 2013).
Sedimentation at these two sites has been consider-
ably affected by the input of volcanic material and
resedimentation by density current deposits (Expedi-
tion 340 Scientists, 2013). Here, we present a ~300 ky
holoplanktonic gastropod record from Sites U1395
and U1394 that corresponds to ~166 and ~44 m hole
depth, respectively. Material analyzed was collected
from undisturbed hemipelagic sediments only and
the data are presented with gaps where disturbed
material interrupts the record.

The holoplanktonic gastropod content of Site U1396
is not presented here because the site does not pre-
serve a record of holoplanktonic gastropods between
~43 and 250 ky (Wall-Palmer et al., 2014a), despite
being positioned out of the main path of density cur-
rent deposits. This absence was attributed to win-
nowing by bottom water currents that are thought
to have removed the delicate shells. Previously cored
Site CAR-MON 2 (Fig. F1) records a rich fossil record
of holoplanktonic gastropods (Le Friant et al., 2008;
Wall-Palmer et al., 2013, 2014b), despite being only
~15 km southwest of Site U1396. Therefore, Site
CAR-MON 2 was used as a comparison site, rather
than Site U1396. All drilling and coring sites are
above the aragonite lysocline, reducing any effects of
postdepositional dissolution upon the aragonitic
gastropod shells.

Core sampling
Holes U1394A, U1394B, and U1395B were sampled
at ~50 cm intervals (10, 2, and 6 ky, respectively)
from 0 to 5.9, 91.8 to 166.1, and 0 to 43.6 meters be-
low seafloor (mbsf), respectively. All sampling was
carried out at the Gulf Coast Core Repository in Col-
lege Station, Texas (USA). Samples were taken from
hemipelagic sediment only to avoid the effects of re-
working and volcanic input, which can dissolve hol-
oplanktonic gastropod shells (Wall-Palmer et al.,
2011). Sample processing was carried out at Plym-
outh University in the United Kingdom. Samples
were dried in an oven at 40°C for 24 h to facilitate
the subsequent removal of clay particles. Samples
were then rehydrated and washed over a 63 µm
sieve. Both the <63 and >63 µm fractions were col-
lected, filtered, and dried in an oven at 40°C for 24 h.
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Microfossil analysis
For each sample, just more than 300 (or until the
sample was exhausted) holoplanktonic gastropod
specimens were counted and identified from the
>150 µm size fraction. Only whole specimens were
counted to avoid the distortion produced by several
fragments of the same specimen. Pteropod species
identification was made using the keys published by
Bé and Gilmer (1977) and Janssen (2012). Heteropod
species identification was made using Seapy (1990),
Seapy et al. (2003), the Tree of Life web project (tol-
web.org/Atlantidae), and Janssen (2012). Counts of
holoplanktonic gastropods are expressed as a per-
centage (relative abundance) of the total number of
specimens per sample.

A large number of the heteropod specimens were ju-
veniles, which complicates their species identifica-
tion. Therefore, the species Atlanta peronii, Atlanta
gaudichaudi, Atlanta rosea, Atlanta lesueurii, and At-
lanta oligogyra are presented here as the A. peronii
group because their juvenile shells could not be dif-
ferentiated.

Results
A total of 29 holoplanktonic gastropod species
within 16 genera and unidentified gymnosome veli-
ger shells (Fig. F2) were identified in sediments off-
shore of Montserrat (Figs. F3, F4, F5, F6, F7, F8). Of
the identified species, 16 are thecosome (shelled)
pteropods, 1 is a gymnosome (shell-less) pteropod,
and 12 are heteropods: 1 in the family Pterotrachei-
dae (shell-less), 2 in the family Carinariidae (partially
shelled), and 9 in the family Atlantidae (shelled).
Well-preserved holoplanktonic gastropods were
found in all samples analyzed, except at 122.322–
123.323 and 130.490–131.545 mbsf in Hole U1394B.
The high volume of volcanic material in these sam-
ples suggests that they represent resedimented mate-
rial and, thus, holoplanktonic remains within them
were fragmented beyond identification.

No species datums (first occurrences or last occur-
rences) were identified during the geological period
studied. Therefore, all (extant) holoplanktonic gas-
tropod species encountered during this study have a
fossil record of at least 300 ky.

Dominant species and their 
environmental requirements

At all sites analyzed, there is a single dominant spe-
cies, Heliconoides inflatus, that constitutes between
3% and 65% (average = 28%) in Holes U1394A and
U1394B, 13% and 75% (average = 48%) in Hole
U1395B, and 10% and 68% (average = 40%) at Site
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CAR-MON 2 (Figs. F3, F4, F5). H. inflatus is a warm-
water cosmopolitan species (Bé and Gilmer, 1977)
that tolerates a wide range of water temperatures
(14°C–28°C) (Table T1). This species is found in all
samples analyzed, indicating that the water offshore
of Montserrat was 14°C–28°C at all times during the
last 300 ky.

Five further species (Atlanta selvagensis, Gleba cordata,
Limacina bulimoides, Limacina trochiformis and Styli-
ola subula) were found to be abundant across all
sites. There are also a number of species that are
abundant at only one or two of the sites. This varia-
tion in species abundance across a relatively small
area of ocean is probably caused by the patchy,
swarming nature of holoplanktonic gastropods (Lalli
and Gilmer, 1989; Mathew et al., 1990). These spe-
cies (Table T1) all indicate subtropical to tropical
warm waters (Bé and Gilmer, 1977), which supports
published data for the water temperatures of this re-
gion over the last 300 ky (Schmidt et al., 2006; Fos-
ter, 2008).

Species changes with global temperature

The ratio of oxygen isotopes 16O and 18O measured
from the calcium carbonate of foraminifers are used
as a proxy for the global ice volume and general
trends in global temperature. In ocean waters, a high
proportion of lighter 16O, which preferentially evap-
orates from ocean waters, indicates that 16O is being
returned to the ocean through precipitation. How-
ever, a lower proportion of 16O indicates that follow-
ing evaporation 16O is locked up in ice and not re-
turned to the ocean, indicating a global cooling. This
chemical signature becomes incorporated into the
shells of marine organisms and is measured using
geochemical techniques (Coussens et al., 2015).

The abundance of all holoplanktonic gastropod spe-
cies was correlated (using a Pearsons correlation in
the PAST statistics package) to the corresponding ox-
ygen isotope data throughout the study interval of
each site (Tables T2, T3, T4) to identify any trends in
species composition with global temperature
changes. A total of 11 species were found to show a
significant correlation to the oxygen isotope record
at Site U1394, 6 at Site U1395, and 13 at Site CAR-
MON 2. However, only one of the correlations (A.
peronii group) was reproducible across all three sites.
Therefore, although holoplanktonic gastropod spe-
cies are clearly influenced by global temperature
changes, they are not closely associated with small
changes in water temperature, and the correlations
at singular sites are likely to be coincidental.

The abundance of the warm-water planktonic fora-
minifer Globorotalia menardii was used as a local indi-
3
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cator of temperature (Le Friant et al., 2008; Coussens
et al., 2015). A total of 5 species were found to show
a significant correlation to the abundance of G. men-
ardii at Site U1394, 9 at Site U1395, and 15 at Site
CAR-MON 2 (Tables T2, T3, T4). However, none of
the correlations were reproducible across all three
sites. This supports the finding that changes in spe-
cies abundances are influenced by temperature but
not driven by it. This is likely to be because many of
the holoplanktonic gastropod species have a wide
temperature tolerance relative to the small changes
in Caribbean Sea temperature (Bé and Gilmer, 1977)
and are thus not greatly influenced by these
changes.

Species associations
The abundances of holoplanktonic gastropod species
were correlated against each other to highlight spe-
cies associations (Tables T2, T3, T4). Eight species as-
sociations were reproducible across all three sites.
Four associations show a positive correlation and
four show a negative correlation. Positive correla-
tions suggest that the two associated species have the
same environmental requirements and can improve
our understanding of some poorly understood spe-
cies. For example, we do not know the environmen-
tal preferences of the atlantid heteropod species Fi-
roloida desmarestia. However, it shows a reproducible
positive correlation to the relatively well studied
pteropod species Creseis chierchiae, suggesting that
they are influenced by similar conditions.

Five of the eight species associations are between a
heteropod species and a pteropod species. This may
indicate predator-prey relationships because hetero-
pods are carnivorous and are known to prey upon
species of pteropod (Richter, 1982; Newman, 1990).
However, in four of the five associations, the correla-
tion is negative, indicating that when the pteropod
species is abundant the heteropod species is rare.
This is the opposite trend that would be expected
from a predator-prey relationship, where abundant
pteropods would be accompanied by abundant het-
eropods. This relationship, therefore, suggests that
heteropods are feeding on something that is in com-
petition with the pteropods for food but does not
leave fossil remains (e.g., copepods). When the
abundance of this prey is high, the number of het-
eropods increases; however, competition for ptero-
pod food is also high, so pteropods numbers are low.
When the abundance of the alternative prey is low,
heteropod numbers are also low, but the food avail-
able to pteropods is increased, so pteropod numbers
also increase. This reveals that pteropods are not the
favored prey for some species of heteropod.
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Only a single, positive species association was found
between two species of heteropod (A. plana and A.
selvagensis). This supports recent research, which
found that species of atlantid often exhibited species
specific seasonal increases in abundance to avoid
prey competition (Lemus-Santana et al., 2014). Al-
though seasonal trends are unlikely to be detected in
this relatively low resolution data, this behavior may
partially explain why heteropod species are not gen-
erally found to be abundant at the same time.

The data suggest there are two particularly important
species and one key species that show reproducible
correlations to multiple other species. Creseis clava
and H. inflatus correlate to two species and A. plana
correlates to four species (including C. clava). The
data do not indicate how these species are important
to the ecosystem offshore of Montserrat, as they are
all present at different abundances.

Conclusions
The variations in abundance and assemblage of hol-
oplanktonic gastropods offshore of Montserrat are
not closely related to changes in water temperature.
This is because the species present have a wider tem-
perature tolerance than the small changes in Carib-
bean Sea temperature over the last 300 ky. It is as-
sumed that other factors, such as food sources have
driven these changes. Therefore, the abundances of
holoplanktonic gastropods are not suitable strati-
graphic markers in this area.

Significant correlations between some species were
reproducible across all sites and may be useful in
helping us to understand the environmental require-
ments of poorly known species, in particular, the
heteropods. Negative correlations between pteropod
and heteropod species suggest that the preferential
prey of heteropods was in competition with ptero-
pods for resources. This also indicates that the pre-
ferred prey of heteropods are shell-less organisms
such as copepods because they left no fossil trace.
Three species were found to be associated with more
than one other species, suggesting that they could
have a key role in holoplanktonic gastropod ecology.
However, the ecological and paleoceanographic sig-
nificance of these species relationships could not be
interpreted.
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D. Wall-Palmer et al. Data report: the Late Quaternary fossil record
Figure F1. Site CAR-MON 2 location map with respect to IODP Expedition 340 sites offshore of Montserrat.
SSH = South Soufrière Hills Volcano.

16°50
N

16°40

62°20 62°00

800

800

1000

1000

1200

40
0

80
0

60
0

20
0

600

40
0

6600

1400

62°30 W 62°10

16°30

1200

1200

Site U1395

Site U1394

e
s

s
e

r

A
nti ll es

Atlantic
Ocean

Montserrat

L

150 km

N
10 km

Guadeloupe

Silver
Hills

Centre
Hills

Soufrière
Hills

SSH

Bouillante-M
ontserrat

G
raben

Site U1393

Site
CAR-MON 2

Site U1396
Proc. IODP | Volume 340 7



D. Wall-Palmer et al. Data report: the Late Quaternary fossil record
Figure F2. Scanning electron microscopy images of larval shells, Hole U1395B. (1–3) Unidentified gymnosome
veligers, (4) Firoloida desmarestia, (5) Gleba cordata, (6) unidentified benthic gastropod larval shell, (7) Carinaria
pseudorugosa. Scale bars = 50 µm.
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D. Wall-Palmer et al. Data report: the Late Quaternary fossil record
Figure F3. Dominant species (generally abundance > 10%) of holoplanktonic gastropods in the upper 167 m
at Site U1394 with oxygen isotope stratigraphy (Coussens et al., 2015). MIS = marine isotope stage.
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D. Wall-Palmer et al. Data report: the Late Quaternary fossil record
Figure F4. Dominant species (generally abundance > 10%) of holoplanktonic gastropods in the upper 30 m at
Site U1395 with oxygen isotope stratigraphy (Coussens et al., 2015). MIS = marine isotope stage.
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D. Wall-Palmer et al. Data report: the Late Quaternary fossil record
Figure F5. Dominant species (generally abundance > 10%) of holoplanktonic gastropods in the upper 6 m at
Site CAR-MON 2 (Wall-Palmer et al., 2014b) with oxygen isotope stratigraphy (Le Friant et al., 2008). MIS =
marine isotope stage.

1

0

2

3

4

5

6

A
tla

nt
a 

se
lv

ag
en

si
s

C
ar

in
ar

ia
 la

m
ar

ck
ii

C
re

se
is

 c
la

va

G
le

ba
 c

or
da

ta

H
el

ic
on

oi
de

s 
in

fla
tu

s

Li
m

ac
in

a 
bu

lim
oi

de
s

Li
m

ac
in

a 
tr

oc
hi

fo
rm

is

S
ty

lio
la

 s
ub

ul
a

D
ep

th
 (

m
bs

f)

2.0 1.0 -1.0 -2.0

Oxygen isotope ratio (‰)

0.0

MIS 1

MIS 2

MIS 3

MIS 4

MIS 5

MIS 6

MIS 7

MIS 8

14 ka

29 ka

57 ka

71 ka

123 ka

191 ka

130 ka

243 ka

Site CAR-MON 2 species
in high abundance

Scale: 80% of holoplanktonic gastropods
Proc. IODP | Volume 340 11



D. Wall-Palmer et al. Data report: the Late Quaternary fossil record
Figure F6. Common to rare species (generally abundance < 10%) of holoplanktonic gastropods in the upper
167 m at Site U1394 with oxygen isotope stratigraphy (Coussens et al., 2015). MIS = marine isotope stage.
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D. Wall-Palmer et al. Data report: the Late Quaternary fossil record
Figure F7. Common to rare species (generally abundance < 10%) of holoplanktonic gastropods in the upper 30
m at Site U1395 with oxygen isotope stratigraphy (Coussens et al., 2015). MIS = marine isotope stage.
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D. Wall-Palmer et al. Data report: the Late Quaternary fossil record
Figure F8. Common to rare species (generally abundance < 10%) of holoplanktonic gastropods in the upper 6
m at Site CAR-MON 2 (Wall-Palmer et al., 2014b) with oxygen isotope stratigraphy (Le Friant et al., 2008). MIS
= marine isotope stage.
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D. Wall-Palmer et al. Data report: the Late Quaternary fossil record
Table T1. Environmental preferences for dominant planktonic gastropod species. 

— = unknown.

Species
Temperature 
range (°C) Salinity range

Depth range 
(m) Notes

Atlanta plana — — — Warm-water cosmopolitan species
Atlanta selvagensis — — — Warm-water cosmopolitan species
Carinaria lamarckii — — — Warm-water cosmopolitan species
Creseis clava 10–27.9 35.5–36.7 50–750 Warm-water cosmopolitan species
Creseis virgula 15–27.9 35.0–36.7 50–319 Warm-water cosmopolitan species
Diacria quadridentata 19.0–25.5 35.7–36.3 0–700 Warm-water cosmopolitan species
Gleba cordata — — —  
Heliconoides inflatus 14–28 35.5–36.7 232–236 Warm-water cosmopolitan species
Limacina bulimoides 13.8–27.8 35.5–36.7 80–120 Very abundant subtropical species
Limacina trochiformis 13.8–27.9 35.5–36.8 50–165 Tropical species
Styliola subula 14.2–27.7 35.5–36.7 81–234 Subtropical species
Proc. IODP | Volume 340 15
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Table T2. Correlation table of temperature markers (oxygen isotopes and Globorotalia menardii) and holoplanktonic gastropod species, Site U1394. 

represents r-values. Bold = correlations reproducible across all three sites. 
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.26 0.01* 0.30 0.01† 0.35 0.67 0.16 0.00† 0.35 0.04* 0.24 0.92 0.15 0.02* 0.53 0.24 0.94 0.42 0.53

.45 0.00† 0.65 0.02* 0.07 0.27 0.01* 0.20 0.97 0.02* 0.00† 0.56 0.00† 0.08 0.99 0.07 0.44 0.49 0.43

.00† 0.92 0.63 0.75 0.07 0.61 0.91 0.26 0.06 0.36 0.52 0.16 0.04* 0.18 0.15 0.55 0.15 0.53 0.95

.23 0.95 0.99 0.21 0.50 0.78 0.73 0.86 0.21 0.98 0.69 0.62 0.91 0.90 0.80 0.09 0.63 0.67 0.81

.15 0.68 0.03* 0.00† 0.07 0.46 0.70 0.25 0.05* 0.03* 0.19 0.06 0.03* 0.89 0.39 0.10 0.51 0.37 0.56

.05 0.20 0.24 0.10 0.68 0.78 0.42 0.03* 0.01* 0.26 0.16 0.04* 0.00† 0.77 0.00† 0.31 0.08 0.45 0.44

.80 0.23 0.94 0.00† 0.98 0.27 0.61 0.16 0.23 0.86 0.52 0.07 0.01* 0.49 0.27 0.00† 0.00† 0.04* 0.60

.54 0.09 0.00† 0.75 0.42 0.35 0.35 0.15 0.16 0.12 0.00† 0.77 0.00† 0.12 0.00† 0.95 0.95 0.07 0.65

.49 0.16 0.95 0.49 0.61 0.75 0.62 0.42 0.39 0.39 0.13 0.61 0.11 0.49 0.65 0.69 0.50 0.18 0.75

.03* 0.15 0.00† 0.50 0.90 0.01† 0.67 0.01† 0.01† 0.79 0.86 0.96 0.02* 0.71 0.08 0.27 0.82 0.07 0.01†

.55 0.13 0.92 0.75 0.21 0.42 0.36 0.68 0.89 0.88 0.00† 0.66 0.04* 0.20 0.33 0.32 0.37 0.91 0.55

.37 0.00† 0.59 0.83 0.09 0.73 0.61 0.25 0.72 0.22 0.02* 0.49 0.55 0.06 0.05* 0.95 0.92 0.03* 0.73

.68 0.41 0.29 0.00† 0.04* 0.56 0.35 0.02* 0.77 0.66 0.53 0.00† 0.04* 0.00† 0.00† 0.03* 0.25 0.00† 0.74
— 0.12 0.08 0.03* 0.52 0.07 0.35 0.00† 0.00† 0.56 0.28 0.00† 0.07 0.43 0.32 0.90 0.27 0.50 0.70
.16 — 0.18 0.57 0.89 0.90 0.58 0.01† 0.82 0.16 0.21 0.42 0.52 0.13 0.97 0.82 0.28 0.57 0.73
.18 –0.13 — 0.85 0.96 0.02* 0.03* 0.00† 0.02* 0.85 0.29 0.26 0.12 0.61 0.42 0.98 0.87 0.03* 0.11
.22 0.06 0.02 — 0.21 0.08 0.73 0.02* 0.02* 0.57 0.03* 0.01† 0.01† 0.64 0.40 0.00† 0.00† 0.02* 0.71
.06 0.01 0.00 0.13 — 0.71 0.78 0.44 0.19 0.37 0.01† 0.27 0.44 0.43 0.29 0.94 0.58 0.00† 0.68
.18 –0.01 0.23 0.18 0.04 — 0.74 0.16 0.25 0.49 0.71 0.04* 0.50 0.87 0.11 0.73 0.39 0.94 0.00†

.09 0.06 0.21 0.04 0.03 0.03 — 0.05 0.79 0.23 0.00† 0.05 0.11 0.81 0.61 0.61 0.21 0.15 0.76

.38 0.26 –0.28 –0.23 –0.08 –0.14 –0.19 — 0.00† 0.85 0.05* 0.00† 0.06 0.03* 0.25 0.64 0.13 0.98 0.81

.29 –0.02 –0.24 –0.24 –0.13 –0.12 0.03 0.43 — 0.35 0.07 0.03* 0.00† 0.13 0.50 0.32 0.15 0.49 0.98

.06 –0.14 –0.02 0.06 0.09 –0.07 0.12 –0.02 –0.09 — 0.00† 0.20 0.13 0.11 0.77 0.84 0.97 0.48 0.57

.11 0.13 0.11 0.22 0.27 –0.04 0.42 –0.20 –0.18 0.38 — 0.21 0.05 0.72 0.25 0.68 0.16 0.10 0.84

.40 –0.08 –0.11 –0.27 –0.11 –0.21 –0.19 0.37 0.22 0.13 –0.13 — 0.00† 0.14 0.91 0.67 0.17 0.74 0.38

.18 0.06 –0.16 –0.28 –0.08 –0.07 0.16 0.19 0.34 0.15 0.19 0.31 — 0.46 0.14 0.03* 0.85 0.59 0.67

.08 –0.15 –0.05 0.05 –0.08 –0.02 –0.02 –0.22 0.15 0.16 –0.04 –0.15 0.08 — 0.97 0.51 0.42 0.10 0.71

.10 0.00 0.08 –0.09 –0.11 0.16 0.05 0.12 –0.07 –0.03 –0.12 0.01 –0.15 0.00 — 0.45 0.55 0.01* 0.02*

.01 –0.02 0.00 0.55 –0.01 0.04 –0.05 –0.05 –0.10 –0.02 –0.04 0.04 –0.22 –0.07 –0.08 — 0.00† 0.00† 0.66

.11 0.11 0.02 0.31 0.06 0.09 0.13 –0.15 –0.14 0.00 0.14 –0.14 –0.02 –0.08 –0.06 0.37 — 0.34 0.63

.07 0.06 –0.21 0.23 0.31 –0.01 –0.15 0.00 –0.07 0.07 0.17 –0.03 –0.05 0.16 –0.24 0.33 0.10 — 0.52

.04 0.03 0.16 0.04 –0.04 0.56 –0.03 –0.02 0.00 0.06 0.02 –0.09 –0.04 0.04 0.23 0.05 0.05 –0.06 —
* = correlations significant to 0.05, † = correlations significant to 0.01. Upper section represents p-values, lower section 
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Globorotalia menardii — 0.33 0.64 0.53 0.84 0.62 0.14 0.24 0.89 0.68 0.77 0.33 0.40 0
Oxygen isotope ratio 0.10 — 0.25 0.41 0.95 0.09 0.01* 0.00† 0.13 0.55 0.02* 0.00† 0.02* 0
Cavolinia inflexa 0.05 0.12 — 0.13 0.65 0.22 0.81 0.98 0.26 0.55 0.12 0.73 0.25 0
Clio cuspidata –0.06 –0.08 0.15 — 0.04* 0.99 0.22 0.67 0.67 0.88 0.70 0.67 0.23 0
Clio pyramidata –0.02 0.01 –0.05 0.21 — 0.05 0.05* 0.68 0.72 0.34 0.55 0.96 0.00† 0
Creseis clava 0.05 –0.17 –0.12 0.00 0.20 — 0.00† 0.04* 0.81 0.27 0.30 0.31 0.90 0
Creseis chierchiae –0.15 –0.25 –0.02 0.12 0.20 0.30 — 0.23 0.64 0.30 0.32 0.28 0.01† 0
Creseis virgula –0.12 –0.35 0.00 –0.04 0.04 0.21 0.12 — 0.82 0.00† 0.42 0.85 0.53 0
Diacria trispinosa 0.01 –0.15 –0.11 –0.04 –0.04 –0.02 –0.05 0.02 — 0.84 0.56 0.44 0.06 0
Diacria quadridentata 0.04 –0.06 –0.06 –0.02 0.10 0.11 –0.10 0.37 0.02 — 0.66 0.43 0.37 0
Hyalocylis striata 0.03 0.24 0.16 –0.04 –0.06 –0.10 –0.10 –0.08 –0.06 –0.04 — 0.15 0.45 0
Limacina bulimoides –0.10 0.35 0.03 –0.04 –0.01 –0.10 0.11 0.02 –0.08 –0.08 0.14 — 0.97 0
Heliconoides inflatus –0.09 –0.24 0.12 0.12 0.30 0.01 0.26 –0.06 –0.19 –0.09 –0.08 0.00 — 0
Limacina lesueurii –0.11 0.08 0.35 –0.12 –0.15 –0.20 –0.03 –0.06 –0.07 –0.21 –0.06 0.09 –0.04
Limacina trochiformis –0.25 0.36 –0.01 –0.01 –0.04 0.13 0.12 –0.17 –0.14 –0.15 0.15 0.31 –0.08 0
Styliola subula 0.11 –0.05 –0.05 0.00 0.22 0.12 –0.01 0.40 0.01 0.63 –0.01 –0.05 –0.11 –0
Peracle moluccensis –0.28 –0.24 –0.03 0.13 0.28 0.16 0.53 –0.03 –0.07 –0.07 0.03 0.02 0.40 –0
Paedoclione doliiformis 0.09 0.18 0.18 –0.07 0.18 –0.04 0.00 –0.08 –0.05 0.01 –0.13 0.17 0.21 0
Gymnosome veliger –0.04 –0.11 0.05 0.03 0.07 0.03 0.11 0.09 –0.03 0.27 0.08 –0.04 0.06 –0
Atlanta brunnea 0.14 0.27 0.01 –0.04 –0.04 –0.08 –0.05 –0.10 –0.05 0.04 0.09 –0.05 –0.09 –0
Protatlanta souleyeti –0.30 0.13 0.11 –0.02 –0.12 –0.22 –0.14 0.14 –0.08 –0.27 –0.04 0.12 –0.24 0
Atlanta helicinoidea –0.09 0.00 0.19 0.13 –0.20 –0.24 –0.12 –0.14 –0.09 –0.27 –0.01 –0.04 0.03 0
Atlanta inclinata 0.21 0.24 0.09 0.00 0.22 –0.11 –0.02 –0.16 –0.09 –0.03 –0.02 0.12 0.05 0
Atlanta peronii 0.12 0.62 0.06 –0.04 0.13 –0.14 –0.07 –0.30 –0.15 –0.02 0.29 0.23 0.06 –0
Atlanta plana 0.01 0.06 0.14 –0.05 –0.19 –0.20 –0.18 0.03 –0.05 0.00 –0.04 –0.07 –0.29 0
Atlanta selvagensis 0.14 0.28 0.20 0.01 –0.22 –0.31 –0.25 –0.33 –0.16 –0.23 0.21 0.06 –0.21 0
Atlanta turriculata 0.24 –0.18 0.13 –0.01 0.01 –0.03 –0.07 –0.16 –0.07 –0.04 –0.13 –0.19 0.32 –0
Carinaria lamarckii –0.06 0.00 –0.14 –0.03 –0.09 0.50 –0.11 0.28 –0.05 0.18 –0.10 –0.20 –0.28 –0
Carinaria pseudorugosa –0.12 –0.18 0.06 0.17 0.17 0.10 0.56 –0.01 –0.04 –0.11 –0.10 0.01 0.22 –0
Firoloida desmarestia 0.01 0.08 0.14 0.05 0.07 0.17 0.50 –0.01 –0.07 –0.02 0.09 0.01 0.12 –0
Gleba cordata –0.08 0.07 0.06 0.04 0.09 –0.08 0.20 –0.18 –0.14 –0.18 0.01 0.21 0.43 0
Oxygyrus inflatus –0.06 0.08 –0.01 0.02 0.06 –0.08 –0.05 –0.05 –0.03 0.26 –0.06 –0.03 –0.03 0
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Table T3. Correlation table of temperature markers (oxygen isotopes and Globorotalia menardii) and holoplanktonic gastropod species, Site U1395.  

n represents r-values. Bold = correlations reproducible across all three sites. 
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0.25 0.86 0.04* 0.03* 0.30 0.32 0.49 0.30 0.04* 0.58 0.03* 0.03* 0.02* 0.71 0.81 0.73 0.04* 0.41 0.62
0.77 0.87 0.04* 0.98 0.04* 0.07 0.96 0.02* 0.58 0.52 0.01† 0.59 0.50 0.00† 0.17 0.15 0.03* 0.91 0.49
0.65 0.89 0.00† 0.83 0.20 0.59 0.76 0.57 0.97 0.51 0.09 0.88 0.63 0.12 0.96 0.20 0.11 0.13 0.47
0.09 0.14 0.48 0.34 0.65 0.00† 0.20 0.28 0.00† 0.94 0.32 0.16 0.10 0.72 0.01* 0.63 0.45 0.34 0.39
0.02* 0.34 0.74 0.93 0.64 0.01† 0.83 0.65 0.00† 0.90 0.30 0.08 0.79 0.46 0.01† 0.64 0.84 0.45 0.09
0.07 0.49 0.03* 0.08 0.47 0.11 0.29 0.04* 0.25 0.65 0.40 0.03* 0.00† 0.72 0.32 0.43 0.02* 0.00† 0.98
0.37 0.33 0.05* 0.00† 0.79 0.26 0.58 0.10 0.56 0.69 0.05 0.38 0.08 0.65 0.32 0.64 0.01* 0.18 0.70
0.46 0.64 0.21 0.30 0.31 0.33 0.45 0.38 0.25 0.87 0.87 0.90 0.20 0.39 0.32 0.16 0.14 0.05* 0.61
0.79 0.23 0.00† 0.16 0.13 0.00† 0.35 0.78 0.27 0.22 0.82 0.00† 0.22 0.01* 0.00† 0.00† 0.57 0.41 0.13
0.38 0.85 0.00† 0.97 0.75 0.00† 0.63 0.44 0.75 0.67 0.07 0.01* 0.93 0.07 0.00† 0.03* 0.20 0.21 0.24
0.98 0.50 0.85 0.69 0.31 0.17 0.47 0.74 0.35 0.60 0.83 0.54 0.14 0.71 0.31 0.99 0.21 0.19 0.03*
0.13 0.15 0.82 0.71 0.11 0.00† 0.29 0.97 0.38 0.27 0.87 0.27 0.86 0.52 0.00† 0.97 0.56 0.21 0.31
0.16 0.07 0.00† 0.82 0.07 0.00† 0.07 0.99 0.64 0.34 0.66 0.01* 0.41 0.37 0.00† 0.19 0.84 0.40 0.42

— 0.33 0.04* 0.08 0.45 0.39 0.69 0.11 0.12 0.26 0.09 0.16 0.30 0.04* 0.28 0.22 0.77 0.67 0.55
–0.16 — 0.72 0.02* 0.55 0.24 0.13 0.96 0.38 0.61 0.15 0.14 0.02* 0.52 0.95 0.27 0.61 0.22 0.52
–0.33 –0.06 — 0.53 0.84 0.39 0.70 0.13 0.09 0.96 0.45 0.97 0.18 0.00† 0.47 0.00† 0.29 0.47 0.61
–0.28 0.36 0.10 — 0.02* 0.06 0.07 0.02* 0.81 0.21 0.08 0.00† 0.00† 0.46 0.13 0.14 0.09 0.10 0.22
–0.12 0.10 –0.03 0.37 — 0.39 0.28 0.28 0.84 0.01* 0.78 0.17 0.17 0.34 0.37 0.13 0.52 0.62 0.89
0.14 –0.19 0.14 –0.30 –0.14 — 0.03* 0.81 0.03* 0.59 0.01† 0.00† 0.01† 0.46 0.00† 0.17 0.09 0.27 0.23

–0.06 –0.24 –0.06 –0.29 –0.17 0.34 — 0.50 0.36 0.77 0.13 0.00† 0.00† 0.27 0.07 0.44 0.23 0.43 0.74
0.25 0.01 –0.24 –0.37 –0.17 –0.04 –0.11 — 0.63 0.75 0.80 0.12 0.58 0.16 0.86 0.98 0.74 0.03 0.98
0.25 –0.14 –0.27 –0.04 0.03 0.34 0.15 0.08 — 0.94 0.41 0.08 0.08 0.36 0.21 0.30 0.12 0.92 0.79
0.18 –0.08 –0.01 0.20 0.40 –0.09 0.05 –0.05 0.01 — 0.56 0.39 0.96 0.32 0.73 0.97 0.70 0.79 0.56

–0.26 0.23 0.12 0.28 –0.05 –0.42 –0.24 0.04 –0.13 –0.09 — 0.01† 0.18 0.59 0.00† 0.64 0.02* 0.86 0.85
0.22 –0.23 0.01 –0.46 –0.22 0.61 0.59 0.24 0.27 –0.14 –0.40 — 0.00† 0.73 0.00† 0.47 0.04* 0.55 0.85
0.17 –0.36 –0.21 –0.54 –0.22 0.40 0.56 0.09 0.28 –0.01 –0.21 0.51 — 0.84 0.20 0.08 0.02* 0.04* 0.97

–0.33 –0.10 0.65 –0.12 0.15 0.12 –0.18 –0.22 –0.15 –0.16 –0.09 –0.06 0.03 — 0.87 0.00† 0.36 0.74 0.42
0.17 –0.01 0.11 –0.24 –0.15 0.89 0.29 0.03 0.20 –0.06 –0.44 0.63 0.20 0.03 — 0.65 0.15 0.08 0.52
0.20 –0.17 0.44 –0.23 –0.24 0.22 –0.12 0.00 –0.17 0.01 –0.07 0.12 0.28 0.51 0.07 — 0.27 0.62 0.83

–0.05 0.08 0.17 0.26 0.10 –0.27 –0.19 0.05 –0.24 0.06 0.36 –0.32 –0.36 –0.15 –0.23 –0.18 — 0.05* 0.81
0.07 –0.20 –0.12 –0.26 –0.08 –0.17 0.13 0.35 –0.02 –0.04 –0.03 0.10 0.33 –0.05 –0.27 0.08 –0.31 — 0.80
0.10 0.10 –0.08 0.20 0.02 –0.19 –0.05 0.00 0.04 0.09 0.03 0.03 –0.01 –0.13 –0.10 –0.03 –0.04 –0.04 —
* = correlations significant to 0.05, † = correlations significant to 0.01. Upper section represents p-values, lower sectio

Species G
lo

bo
ro

ta
lia

 m
en

ar
di

i

O
xy

g
en

 is
ot

op
e 

ra
tio

C
av

ol
in

ia
 in

fle
xa

C
lio

 c
us

pi
da

ta

C
lio

 p
yr

am
id

at
a

C
re

se
is

 c
la

va

C
re

se
is

 c
hi

er
ch

ia
e

C
re

se
is

 v
irg

ul
a

D
ia

cr
ia

 t
ris

pi
no

sa

D
ia

cr
ia

 q
ua

dr
id

en
ta

ta

H
ya

lo
cy

lis
 s

tr
ia

ta

Li
m

ac
in

a 
bu

lim
oi

de
s

H
el

ic
on

oi
de

s 
in

fla
tu

s

Globorotalia menardii — 0.11 0.55 0.87 0.98 0.02* 0.11 0.04* 0.99 0.87 0.05 0.56 0.30
Oxygen isotope ratio –0.25 — 0.27 0.81 0.94 0.63 0.64 0.98 0.13 0.08 0.30 0.88 0.37
Cavolinia inflexa –0.10 –0.18 — 0.81 0.33 0.01† 0.00† 0.08 0.00† 0.98 0.34 0.36 0.01*
Clio cuspidata –0.03 –0.04 0.04 — 0.00† 0.47 0.52 0.04* 0.12 0.77 0.70 0.56 0.44
Clio pyramidata 0.00 –0.01 0.16 0.64 — 0.37 0.46 0.13 0.02* 0.21 0.72 0.51 0.44
Creseis clava –0.37 0.08 0.40 –0.11 –0.14 — 0.01† 0.00† 0.75 0.88 0.16 0.47 0.32
Creseis chierchiae –0.26 –0.08 0.61 –0.10 0.12 0.40 — 0.16 0.13 0.34 0.69 0.52 0.15
Creseis virgula –0.31 0.00 0.28 0.32 0.24 0.63 0.22 — 0.21 0.53 0.64 0.95 0.01†

Diacria trispinosa 0.00 –0.24 0.59 0.25 0.37 0.05 0.24 0.20 — 0.00† 0.35 0.53 0.00†

Diacria quadridentata –0.03 –0.27 –0.01 0.05 0.20 –0.02 –0.15 0.10 0.55 — 0.34 0.00† 0.00†

Hyalocylis striata –0.30 0.17 –0.15 0.06 –0.06 0.22 0.06 0.08 –0.15 –0.15 — 0.33 0.09
Limacina bulimoides –0.09 –0.02 –0.15 –0.09 –0.10 –0.12 –0.10 0.01 0.10 0.57 –0.16 — 0.00†

Heliconoides inflatus 0.17 0.14 –0.38 –0.12 –0.13 –0.16 –0.23 –0.40 –0.63 –0.62 0.27 –0.55 —
Limacina lesueurii 0.18 0.05 –0.07 0.27 0.37 –0.29 –0.14 –0.12 –0.04 –0.14 0.00 –0.24 0.22
Limacina trochiformis –0.03 0.03 –0.02 –0.23 –0.15 0.11 0.16 –0.07 –0.19 –0.03 –0.11 0.23 –0.29
Styliola subula –0.33 –0.32 0.54 –0.11 –0.05 0.34 0.30 0.20 0.59 0.45 –0.03 –0.04 –0.50
Peracle moluccensis –0.33 0.00 0.04 –0.15 –0.01 0.28 0.44 0.17 –0.22 0.01 0.06 0.06 –0.04
Paedoclione doliiformis 0.16 –0.32 –0.20 –0.07 0.08 –0.12 –0.04 –0.16 –0.24 –0.05 –0.16 –0.26 0.29
Gymnosome veliger 0.16 –0.28 0.09 0.49 0.41 –0.25 –0.18 0.15 0.60 0.71 –0.22 0.51 –0.60
Atlanta brunnea 0.11 0.01 –0.05 0.20 0.03 –0.17 0.09 0.12 0.15 0.08 –0.12 0.17 –0.29
Protatlanta souleyeti 0.17 0.35 –0.09 –0.17 0.07 –0.33 –0.26 –0.14 0.04 –0.12 –0.05 0.01 0.00
Atlanta helicinoidea 0.33 0.09 0.01 0.61 0.43 –0.18 –0.09 0.18 0.18 –0.05 –0.15 –0.14 –0.07
Atlanta inclinata 0.09 –0.10 –0.11 0.01 –0.02 –0.07 –0.06 –0.03 –0.19 0.07 –0.09 –0.18 0.15
Atlanta peronii –0.34 0.40 0.26 –0.16 –0.17 0.14 0.30 –0.03 –0.04 –0.29 –0.03 –0.03 –0.07
Atlanta plana 0.33 –0.09 –0.03 0.23 0.27 –0.33 –0.14 0.02 0.54 0.39 –0.10 0.18 –0.39
Atlanta selvagensis 0.36 –0.11 –0.08 0.26 –0.04 –0.48 –0.28 –0.20 0.20 –0.01 –0.23 0.03 –0.13
Atlanta turriculata –0.06 –0.45 0.25 –0.06 –0.12 0.06 –0.07 –0.14 0.38 0.29 –0.06 –0.10 –0.14
Carinaria lamarckii 0.04 –0.22 0.01 0.39 0.41 –0.16 –0.16 0.16 0.50 0.72 –0.16 0.52 –0.58
Carinaria pseudorugosa 0.06 –0.23 0.21 –0.08 –0.07 –0.13 –0.08 –0.22 0.45 0.33 0.00 0.01 –0.21
Firoloida desmarestia –0.32 0.35 0.25 –0.12 0.03 0.36 0.39 0.23 –0.09 –0.21 0.20 –0.09 –0.03
Gleba cordata 0.13 0.02 –0.24 –0.15 –0.12 –0.51 –0.22 –0.31 –0.13 –0.20 –0.21 –0.20 0.14
Oxygyrus inflatus 0.08 –0.11 –0.12 –0.14 –0.27 0.00 0.06 –0.08 –0.24 –0.19 0.34 –0.16 0.13
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Table T4. Correlation table of temperature markers (oxygen isotopes and Globorotalia menardii) and holoplanktonic gastropod species, Site CAR-MON 2. 

 represents r-values. Bold = correlations reproducible across all three sites. 
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0.00† 0.50 0.07 0.45 0.17 0.03* 0.15 0.01* 0.80 0.30 0.00† 0.00† 0.06 0.38 0.00† 0.03* 0.00† 0.19 0.75
0.72 0.00† 0.32 0.92 0.60 0.88 0.01† 0.09 0.02* 0.00† 0.00† 0.87 0.06 0.00† 0.01† 0.66 0.16 0.02* 0.03*
0.06 0.00† 0.00† 0.47 0.37 0.94 0.06 0.94 0.87 0.31 0.31 0.01† 0.84 0.33 0.00† 0.72 0.18 0.97 0.01*
0.00† 0.87 0.45 0.65 0.90 0.76 0.58 0.31 0.42 0.18 0.35 0.29 0.10 0.24 0.36 0.77 0.78 0.25 0.73
0.91 0.27 0.00† 0.21 0.97 0.87 0.15 0.84 0.87 0.08 0.42 0.06 0.39 0.05* 0.44 0.75 0.05 0.67 0.82
0.02* 0.18 0.17 0.06 0.08 0.05* 0.10 0.00† 0.66 0.84 0.01* 0.00† 0.05 0.74 0.00† 0.69 0.03* 0.02* 0.65
0.14 0.00† 0.22 0.21 0.36 0.78 0.27 0.67 0.18 0.07 0.22 0.41 0.07 0.10 0.07 0.50 0.05* 0.31 0.65
0.73 0.01* 0.01† 0.45 0.32 0.77 0.11 0.02* 0.16 0.32 0.74 0.02* 0.06 0.23 0.05* 0.24 0.00† 0.00† 0.04*
0.00† 0.75 0.46 0.34 0.95 0.00† 0.61 0.03* 0.04* 0.66 0.00† 0.22 0.02* 0.38 0.00† 0.15 0.01† 0.01† 0.58
0.07 0.02* 0.04* 0.13 0.13 0.05* 0.59 0.00† 0.75 0.19 0.27 0.02* 0.21 0.23 0.01† 0.88 0.09 0.50 0.84
0.48 0.09 0.02* 0.29 0.49 0.26 0.81 0.62 0.91 0.85 0.03* 0.10 0.97 0.43 0.00† 0.80 0.28 0.17 0.43
0.00† 0.52 0.26 0.17 0.94 0.26 0.58 0.05* 0.59 0.05* 0.00† 0.01* 0.27 0.11 0.00† 0.19 0.05* 0.07 0.89
0.00† 0.00† 0.15 0.97 0.81 0.00† 0.18 0.23 0.43 0.01† 0.00† 0.00† 0.03* 0.02* 0.00† 0.97 1.00 0.09 0.68

— 0.50 0.63 0.01* 0.66 0.03* 0.38 0.79 0.15 0.02* 0.00† 0.00† 0.63 0.01† 0.01† 0.17 0.67 0.07 0.13
0.06 — 0.02* 0.02* 0.64 0.20 0.31 0.22 0.74 0.00† 0.02* 0.82 0.33 0.00† 0.65 0.43 0.54 0.00† 0.73
0.05 –0.21 — 0.00† 0.76 0.01† 0.52 0.79 0.84 0.19 0.51 0.27 0.43 0.16 0.14 0.01* 0.27 0.87 0.29
0.24 –0.22 0.33 — 0.50 0.59 0.21 0.72 0.75 0.03* 0.00† 0.00† 0.15 0.01* 0.08 0.00† 0.00† 0.10 0.34
0.04 –0.04 –0.03 0.06 — 0.30 0.92 0.92 0.98 0.25 0.12 0.61 0.79 0.28 0.21 0.61 0.99 0.60 0.82
0.20 0.12 0.25 –0.05 0.10 — 0.46 0.26 0.13 0.17 0.03* 0.05* 0.92 0.36 0.12 0.51 0.39 0.24 0.81
0.08 0.10 –0.06 0.12 –0.01 0.07 — 0.47 0.53 0.07 0.10 0.61 0.90 0.06 0.80 0.34 0.40 0.58 0.06
0.03 –0.11 –0.03 0.03 –0.01 –0.11 –0.07 — 0.23 0.20 0.00† 0.47 0.42 0.14 0.06 0.28 0.12 1.00 0.31
0.14 –0.03 –0.02 0.03 0.00 –0.14 0.06 0.11 — 0.47 0.00† 0.95 0.00† 0.92 0.68 0.56 0.19 0.50 0.39
0.22 –0.30 0.12 0.20 –0.11 –0.13 –0.17 –0.12 0.07 — 0.36 0.85 1.00 0.00† 0.62 0.62 0.06 0.01† 0.08
0.34 –0.22 –0.06 0.29 0.15 –0.20 0.15 0.33 0.34 –0.09 — 0.00† 0.04* 0.14 0.00† 0.00† 0.00† 0.01† 0.06
0.33 0.02 –0.10 –0.29 0.05 0.19 0.05 –0.07 –0.01 –0.02 –0.31 — 0.00† 0.68 0.02* 0.08 0.01† 0.03* 0.91
0.04 –0.09 –0.07 –0.14 0.03 –0.01 –0.01 0.08 0.47 0.00 0.19 0.44 — 0.69 0.70 0.20 0.98 0.00† 0.65
0.26 –0.27 0.13 0.23 –0.10 –0.09 –0.18 –0.14 0.01 0.95 –0.14 –0.04 –0.04 — 0.87 0.54 0.04* 0.06 0.06
0.26 0.04 –0.14 –0.17 0.12 0.15 0.02 –0.18 –0.04 –0.05 –0.40 0.22 –0.04 0.02 — 0.10 0.06 0.01† 0.12
0.13 –0.07 0.23 0.41 0.05 0.06 0.09 0.10 –0.06 –0.05 0.26 –0.17 –0.12 –0.06 –0.16 — 0.00† 0.97 0.16
0.04 –0.06 0.11 0.30 0.00 0.08 0.08 0.15 0.12 –0.18 0.37 –0.26 0.00 –0.19 –0.17 0.60 — 0.03* 0.01*
0.17 –0.28 –0.02 0.15 0.05 –0.11 0.05 0.00 0.06 0.25 0.25 0.21 0.29 0.18 –0.25 0.00 –0.20 — 0.89
0.14 0.03 –0.10 –0.09 –0.02 0.02 0.18 0.10 0.08 –0.16 0.18 –0.01 0.04 –0.18 0.15 0.13 0.23 –0.01 —
* = correlations significant to 0.05, † = correlations significant to 0.01. Upper section represents p-values, lower section
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Globorotalia menardii — 0.43 0.00† 0.80 0.18 0.00† 0.66 0.00† 0.00† 0.01* 0.06 0.00† 0.00†

Oxygen isotope ratio –0.07 — 0.09 0.43 0.74 0.49 0.02* 0.00† 0.01* 0.71 0.15 0.81 0.03*
Cavolinia inflexa –0.38 –0.16 — 0.51 0.24 0.00† 0.47 0.00† 0.02* 0.00† 0.00† 0.08 0.06
Clio cuspidata –0.02 0.07 –0.06 — 0.48 0.60 0.55 0.58 0.48 0.50 0.57 0.01† 0.11
Clio pyramidata –0.13 0.03 0.11 0.07 — 0.11 0.58 1.00 0.63 0.42 0.41 0.72 0.41
Creseis clava –0.38 –0.07 0.32 –0.05 0.15 — 0.47 0.00† 0.04* 0.00† 0.00† 0.02* 0.28
Creseis cherchiae 0.04 –0.22 0.07 –0.06 –0.05 0.07 — 0.07 0.66 0.99 0.24 0.41 0.03*
Creseis virgula –0.37 –0.35 0.43 0.05 0.00 0.62 0.17 — 0.30 0.00† 0.01* 0.44 0.65
Diacria trispinosa 0.57 –0.23 –0.21 0.07 0.05 –0.19 0.04 –0.10 — 0.04* 0.07 0.00† 0.00†

Diacria quadridentata –0.23 0.04 0.27 0.06 0.08 0.51 0.00 0.33 –0.19 — 0.00† 0.02* 0.02*
Hyalocylis striata –0.18 0.13 0.30 0.05 0.08 0.44 –0.11 0.23 –0.17 0.40 — 0.19 0.64
Limacina bulimoides 0.37 0.02 –0.17 0.24 0.03 –0.21 –0.08 –0.07 0.41 –0.21 –0.12 — 0.00†

Heliconoides inflatus –0.36 –0.21 0.17 –0.15 –0.08 0.10 –0.21 0.04 –0.41 0.22 0.04 –0.53 —
Limacina lesueuri 0.29 –0.03 –0.18 0.39 0.01 –0.22 0.14 0.03 0.37 –0.17 –0.07 0.37 –0.39
Limacina trochiformis 0.06 0.27 –0.30 0.02 –0.10 –0.13 0.28 –0.23 –0.03 –0.23 –0.16 –0.06 –0.55
Styliola subula –0.17 0.09 0.42 0.07 0.36 0.13 –0.12 0.25 0.07 0.20 0.23 –0.11 –0.13 –
Peracle moluccensis –0.07 –0.01 0.07 0.04 0.12 0.17 –0.12 0.07 0.09 0.14 0.10 –0.13 0.00 –
Paedoclione doliiformis 0.13 –0.05 –0.09 –0.01 0.00 –0.16 0.09 –0.09 0.01 –0.14 –0.07 –0.01 0.02 –
Gymnosome veliger 0.20 0.01 0.01 –0.03 0.02 –0.18 0.03 –0.03 0.27 –0.19 –0.11 0.11 –0.31
Atlanta brunnea 0.14 0.25 –0.18 0.05 –0.13 –0.15 –0.10 –0.15 0.05 –0.05 –0.02 0.05 –0.13
Protatlanta souleyeti –0.23 0.16 0.01 –0.10 –0.02 0.35 –0.04 0.23 –0.20 0.29 0.05 –0.18 0.11 –
Atlanta helicinoidea –0.02 0.22 0.01 –0.08 0.01 –0.04 –0.13 –0.13 –0.19 0.03 –0.01 –0.05 –0.07 –
Atlanta inclinata 0.10 –0.28 0.10 –0.13 0.16 –0.02 –0.17 –0.09 0.04 0.12 –0.02 –0.18 0.25 –
Atlanta peronii –0.39 0.29 0.10 –0.09 –0.08 0.23 –0.11 0.03 –0.46 0.11 0.21 –0.35 0.30 –
Atlanta plana 0.52 0.02 –0.25 0.10 –0.18 –0.36 –0.08 –0.22 0.11 –0.22 –0.16 0.23 –0.27
Atlanta selvagensis 0.18 0.18 –0.02 –0.15 –0.08 –0.18 –0.17 –0.18 –0.23 –0.12 0.00 0.10 –0.20
Atlanta turriculata 0.08 –0.30 0.09 –0.11 0.18 –0.03 –0.16 –0.11 0.08 0.11 –0.07 –0.15 0.22 –
Carinaria lamarckii 0.32 –0.26 –0.27 –0.09 –0.07 –0.29 0.17 –0.18 0.54 –0.26 –0.27 0.31 –0.30
Carinaria pseudorugosa –0.20 0.04 0.03 0.03 0.03 0.04 0.06 0.11 –0.13 0.01 0.02 –0.12 0.00 –
Firoloida desmaresti –0.35 –0.13 0.13 0.03 –0.18 0.21 0.18 0.38 –0.24 0.16 0.10 –0.19 0.00 –
Gleba cordata 0.12 0.21 0.00 –0.11 0.04 –0.21 –0.10 –0.31 –0.25 –0.06 0.13 –0.17 0.16 –
Oxygyrus inflatus –0.03 0.21 –0.23 –0.03 –0.02 –0.04 0.04 –0.19 –0.05 –0.02 –0.08 –0.01 –0.04
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