Shackleton, N.J., Curry, W.B., Richter, C., and Bralower, T.J. (Eds.), 1997
Proceedings of the Ocean Drilling Program, Scientific Results, Vol. 154

14. VARIATIONS IN PLANKTONIC FORAMINIFER FAUNAS AND CARBONATE PRESERVATION
AT SITE 927: EVIDENCE FOR CHANGING SURFACE WATER CONDITIONS IN THE WESTERN

TROPICAL ATLANTIC OCEAN DURING THE MIDDLE PLEISTOCENE!

James L. Cullen? and William B. Curry?

ABSTRACT

Site 927 was cored during Leg 154 of the Ocean Drilling Program at a depth of 3315 m on the northeast flank of the Ceara
Rise beneath the pool of warm, nutrient-depleted waters of the western tropical Atlantic Ocean. The site was triple advanced
hydraulic piston cored and a composite section was constructed by the shipboard scientific party. We sampled the composite
section between 23 and 43 meters composite depth (mcd) at 10-cm spacing (200 samples) and produced records of changing
surface water conditions and carbonate preservation between 500 and 1000 ka (time scale of Bickert et al., Chapter 15, this vol-
ume). Our record of changing surface water conditions is based on downcore variations in the relative abundances of plank-
tonic foraminifers examined within the context of changes in foraminifer preservation, calcium carbonate content, coarse
fraction content (>63 um), and the 8'%0 content of size-controlled specimens of Globigerinoides sacculifer:

Site 927 sediments exhibit systematic cyclic downcore changes in carbonate content and other indicators of carbonate pres-
ervation with periods on the order of 40 k.y. Variations in percent resistant species (RSP) and percent carbonate downcore are
significantly less correlated to percent whole foraminifers than they are to percent whole foraminifers in modern tropical Atlan-
tic and Ceara Rise sediments. This suggests that changes in carbonate preservation at Site 927 are best reflected by downcore
variations in percent whole foraminifers and that both percent carbonate and percent RSP exhibit variability not exclusively
related to changes in preservation. Many downcore percent whole foraminifer values, especially from samples deposited during
glacial maxima, fall below values typical of well-preserved supra-lysoclinal modern tropical Atlantic sediments and identify
intervals in Site 927 that were probably affected by differential dissolution.

The 15 most abundant species exhibit considerable variability downcore. Patterns of variability for important species are
not highly correlated, nor do they seem to be related in a simple manner to 8'%0 defined glacial/interglacial cycles. The four
most abundant species (Globigerinoides ruber;, G. sacculifer, Globigerinita glutinata, and Neogloboquadrina dutertrei) exhibit
high frequency fluctuations (1/f on the order of 10* yr) with amplitudes of 10%-20%. A number of important species (e.g.,
Globorotalia menardii, Pulleniatina obliquiloculata, Globigerina rubescens, and Globorotalia truncatulinoides [left coiling])
are absent or occur in trace amounts over long intervals that alternate with intervals of much higher average abundance and
high frequency variability. A comparison of foraminifer faunal variation with carbonate preservation suggests that faunal vari-
ability is decoupled from changes in preservation. Thus, much of the faunal variability is likely associated with changes in the
environmental conditions of Ceara Rise surface waters.

Downcore faunas were compared to modern faunas using the Modern Analog Technique (MAT). The MAT was also used to
compare downcore faunas to modern Ceara Rise faunas. Foraminifer faunas were most similar to modern Ceara Rise faunas
during isotope Stage 21 and, to a lesser extent, Stages 19 and 17. Finally, the MAT was used to estimate downcore cold-season
and warm-season sea surface temperatures (SST). SST estimates show little variability and suggest that the significant faunal
variability observed between 1000 and 500 ka is related to surface water changes other than SST. Comparison with foraminifer
faunal variability in modern tropical Atlantic sediments suggests that the observed downcore species variability may be related
to changes in the mixed layer depth and the amount of time the thermocline is in the photic zone during the annual cycle. In
general, “mixed layer” species (G. ruber; G. glutinata, and G. sacculifer) are most abundant during interglacials, whereas “ther-
mocline” species (G. menardii, P. obliquiloculata, N. dutertrei, and Globorotalia tumida) are most abundant during glacial
intervals when conditions in the surface waters may have been more similar to conditions found farther east in the present-day
tropical Atlantic where surface sediments are richer in “thermocline” species. These interpretations, however, cannot easily
explain the numerous large-scale and abrupt downcore changes in relative abundances observed for many species.

INTRODUCTION

During Leg 154 of the Ocean Drilling Program (ODP), a series of
holes were successfully drilled from a tightly spaced transect of five
sites on the Ceara Rise in the western equatorial Atlantic Ocean.
Closely spaced, shipboard measurements of magnetic susceptibility,
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natural gamma emission, and color reflectance documented the com-
plete recovery of overlapping, triple advanced hydraulic piston cored
(APC) intervals at all five sites. These data were used to produce
composite sedimentary sequences spanning the last 7-8 m.y. A major
thrust of post cruise research has focused on late Neogene, high res-
olution paleoceanographic reconstructions of deep-water circulation,
the history of changes in the western tropical Atlantic surface water
conditions, including carbonate production, and the history of car-
bonate dissolution. The two shallowest sites along the depth transect,
Site 925 (water depth = 3041 m) and Site 927 (water depth = 3315
m), are well above the modern lysocline and contain relatively well-
preserved planktonic foraminifer faunas, which makes them particu-
larly well-suited for documenting changes in surface-water condi-
tions.
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Documenting changes in surface-water conditions above the 45°'W a4’ 43° 42°

CearaRiseisimportant for a number of reasons. 7N
1. The CearaRise underlies surface waters that exhibit high tem-
peratures (greater than 27°C) with little annual variability. Re
sults from CLIMAP Project Members (1976, 1981) sugges
that western tropical Atlantic surface water temperature PN

change little on glacial/interglacial time scales. The relativel
warm western tropical Atlantic, along with similarly warm
western tropical surface water masses in the Pacific and Indi
Oceans, is important in modeling past atmospheric circulatiol
The late Pleistocene temporal stability of these warm wats
pools is presently being actively debated.

2. The area should be well suited for reconstructing the history
surface temperature conditions caused more by global ratr
than local changes in climate because it is located on the we
ern side of the Atlantic where surface water temperatur
should be minimally affected by local changes in upwelling.

3. The effects of dissolution on carbonate accumulation and fc
aminifer fluxes in deeper sites can then be interpreted withi
the context of changes in carbonate accumulation and for
minifer fluxes caused by changes in surface water condition

Here, we focus on generating a high resolution time series of sl
face water and carbonate preservation variability for the midd
Pleistocene (5061000 ka) using closely spaced samples from th
Site 927 composite sediment section. Of the two shallow sites, S
927 was chosen because its middle Pleistocene to Holocene accu
lation rate, at 4.3 cm/1000 yr, is no less than 25% higher than the r
at Site 925. In addition, Site 927 is in close proximity to the two dee|
est, presumably more dissolution sensitive sites in the depth trans 3
(Sites 928 and 929; Fig. 1). The higher accumulation rate for Site 9
is due to its more northern location and closer proximity to the Am: Figure 1. Map location of Leg 154 drilling sites, including Site 927. Unla-
zon River mouth, which results in greater input of noncarbonate S€ |y o dots are locations of Ceara Rise surface sediment samples analyzed for
iments to the northern flank of the Ceara Rise. this study (see text).

The Site 927 composite section was sampled between 23 and
meters composite depth (mcd) at 10-cm spacing (equivalent
around a 2300-yr sample spacing) to produce records of changiny
planktonic foraminifer composition, changing carbonate preservapermost 152 m of the sedimentary section consists of a single litho-
tion, changing calcium carbonate and coarse fraction (>63 pm) cotegic unit consisting of clayey nannofossil ooze and nannofossil clay
tent, and changing®O andd'*C content ofslobigerinoides sacculi- (Curry, Shackleton, Richter, et al., 1995).
fer. Specifically, these records are used to (1) document downcore
variations in the relative abundances of planktonic foraminifer spe-
cies; (2) document variations in foraminifer preservation using faunal SAMPLING
dissolution indexes, calcium carbonate, and coarse fraction; (3) in-
vestigate the extent that faunal variation is related to changing surface A composite depth section was constructed for Site 927 using
water conditions and/or influenced by differential dissolution; (4) es<losely spaced magnetic susceptibility and color reflectance mea-
tablish a glacial/interglacial time-stratigraphic framework for Sitesurements from the three holes (see Curry, Shackleton, Richter, et al.,
927 using thés. sacculifer %0 record and use ti®#80 stratigraphy  1995). A single spliced record for coordinated sampling was subse-
to check the top-most (last 1 m.y.) part of the chronology developeguently assembled from aligned cores in the three holes. In all, we
for Site 927 by Bickert et al. (Chapter 15, this volume); (5) use theollected and processed 435 10:@@mples at approximately 10-cm
foraminifer faunas to reconstruct changes in sea surface temperatagacing over the top 43 mcd of the Site 927 splice. Here we report
(SST) in the western tropical Atlantic between 500 and 1000 ka usingnalyses from the 200 samples collected between 23 and 43 mcd.
the Modern Analog Technique (Prell, 1985); (6) examine faunal,

SST, and preservation changes in the time domain during the middle

Pleistocene; and (7) preliminarily interpret downcore faunal changes SAMPLE PROCESSING AND ANALYSIS

in terms of changes in the hydrography of the surface water layer

above the Ceara Rise. All but a small volume of each sample was dry-weighed, disag-
gregated in tap water, and subsequently wet-sieved through a 63-um
screen. Dry coarse fraction (>63 um) residues were weighed and

DEPOSITIONAL SETTING sieved through a 150-um screen. The >150-um size fraction was also

weighed and split in half, and aliquots of this material containing an

Site 927 was drilled on a 3315-m-deep plateau located on theverage of 323 whole specimens of planktonic foraminifers per sam-
northeastern flank of the Ceara Rise. The uppermost 312 m of the g@e were prepared. For each sample aliquot, we recorded specimen
proximately 1.2-km-thick sedimentary section was continuouslycounts of each planktonic foraminifer species and the total planktonic
cored with the APC in three holes (927A, 927B, and 927C). The ugeraminifer fragments.
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Table 1. Planktonic foraminifer taxonomic categories used in the present study along with their means, standard deviations, and minimum and maxi-
mum occur rences between 23 and 43 mcd in Site 927.

Species Mean sD Minimum  Maximum

Planktonic foraminifer species code (relative %) (relative %) (relative %) (relative %)
Globigerinoides ruber (d’Orbigny) truber 32.6 (35.6) 8.6 7.9 58.1
Globigerinoides sacculifer (d’Orbigny) tsacc 15.9 (17.0) 6.3 2.2 36.5
Globigerinita glutinata (Egger) glut 9.8 (6.8) 5.4 0 25.4
Neogloboquadrina dutertrei (d’Orbigny) dutr 9.1 (6.8) 6.1 1.0 32.3
*Globorotalia menardii (d’Orbigny) men 4.9 (6.8) 5.7 0 21.6
*Pulleniatina obliquiloculata (Parker and Jones) oblig 4.7 (3.2) 5.0 0 28.5
Globigerina rubescens Hofker rubsc 3.7 4.3 0 23.9
*Neogloboquadrina pachyderma (Ehrenberg), right coiling pachyr 2.2 (2.6) 3.5 0 245
Globigerina falconensis Blow falc 2.0 1.9 0 11.6
Globigerinella aequilateralis (Brady) aequ 1.8 (3.7) 15 0 8.3
*CGloborotalia truncatulinoides (d’Orbigny), right coiling truncr 1.4 2.7 0 8.9
*Globorotalia truncatulinoides (d’Orbigny), left coiling truncl 14 2.7 0 12.9
Globigerinoides tenellus Parker tene 1.4 2.0 0 12.1
*Globorotalia crassaformis (Galloway and Wissler) crass 0.9 1.5 0 11.8
Globigerina bulloides d'Orbigny bull 0.9 1.0 0 5.7
Globigerina calida Parker cali 0.8 0.7 0 2.8
Globigerinoides conglobatus (Brady) congl 0.8 11 0 6.8
Globorotalia scitula (Brady) scit 0.7 0.8 0 5.5
Orbulina universa d’Orbigny univ 0.7 0.6 0 2.8
*Globorotalia tumida (Brady) tum 0.6 (4.1) 0.9 0 3.8
* phaeroidinella dehiscens (Parker & Jones) dehi 0.3 0.5 0 2.8
Globorotalia inflata (d’Orbigny) infl 0.3(2.8) 0.7 0 5.7
Globoquadrina hexagona (Natland) hexa 0.3 0.6 0 3.3
Globigerina digitata Brady digi 0.3 0.4 0 1.8
Globorotalia theyeri Fleisher they 0 0.2 0 1.6
Globorotalia hirsuta (d’Orbigny) hirs 0 0.1 0 0.7
Candeina nitida d'Orbigny niti 0 0.1 0 13
Globoguadrina conglomerata (Schwager) conglm 0 0.1 0 0.6
*Neogloboguadrina pachyderma (Ehrenberg), left coiling pachyl 0 0.1 0 0.9
Globorotalia anfracta Parker anfr 0 0 0 0.3
Globigerina quinqueloba Natland quin 0 0 0 0.3
Globorotalia crassula (Cushman & Stewart) crassu 0 0 0 0.4
*Globorotalia menardii neoflexuosa Srinivasan, Kennett, and Bé  menfix 0 0 0 0.3
*Resistant species %RSP 25.8 (29.0) 11.5 7.6 66.5

Notes: Number of samples (NS) = 200. Values in parentheses in the mean column are the mean relative abundances for all species from tropical Atlantic surface sediments (NS = 118)
whose mean abundance exceeds 1.5%. SD = standard deviation.

Planktonic foraminifer species identifications are consistent with Preservation Data
the taxonomy used in Cullen and Prell (1984) with the following
changes. (1) The “pachyderma-dutertrei intergrade” category has We calculated two indicators of relative carbonate preservation
been eliminated. Specimens previously included in this artificial catfrom the >150-um size fraction: (1) planktonic foraminifer fragmen-
egory are now placed in eithék dutertrei or Neogloboquadrina tation expressed as percent whole foraminifers, which equalgs 100
pachyderma (right coiling) according to a set of morphologic criteria number of whole foraminifer tests / (number of whole tests + number
defined while refining taxonomic categories for our Global Dataof fragments) and (2) percent resistant species (RSP). Dissolution
Base Project (Cullen et al., unpubl. data); and (2) the taxonomic caRSP are identified with an asterisk in Table 1 and are similar to those
egories Globorotalia anfracta Parker andGloborotalia crassula used in Berger (1975) and Cullen (1981). These indicators have been
(Cushman and Stewart) have been added. All taxonomic categoriegdely used to assess the preservational state of calcite in a sample
are listed in Table 1. and to assess the extent to which the differential dissolution of fora-
minifer species has modified the original faunal composition of a
sample (e.g., Berger et al., 1982; Cullen, 1985; Cullen and Prell,
DATA 1984; Cullen and Droxler, 1990; Chen and Farrell, 1991; Le and
Shackleton, 1992). In addition, we calculated the percent coarse frac-
To achieve the goals of this study, three sets of downcore daten (>63 um) of each sample and measured the percent calcium car-
were generated: (1) relative abundance data for planktonic foramintbonate content of each sample using the technique described in Curry
fer species, (2) carbonate preservation data (dissolution data), and é3)d Cullen (this volume). Both of these variables have also been
stable isotope data. (All data can be found as an Appendix to thisidely used as proxy indicators of relative dissolution intensity and

chapter on the CD-ROM, back pocket, this volume.) the preservational state of deep-sea carbonate (e.g., Berger, 1970;
Berger et al., 1982; Curry and Lohman, 1985, 1986; Peterson and
Planktonic Foraminifer Faunal Data Prell, 1985; Farrell and Prell, 1989, 1991; and the extensive reference

lists contained in these publications). Each indicator is statistically
At least one specimen from each of 33 different taxonomic catesummarized in Table 2. Downcore variations in these indicators are
gories was recorded in at least one of the 200 samples analyzed peesented in Figure 3.
tween 23 and 43 mcd of Site 927. Downcore faunas are dominated by
nine species that constitute nearly 85% of the average species popu- Sable I sotope Data
lation. In total, 18 species have maximum relative abundances that
exceed 5%. The total faunal data is statistically summarized in Table The oxygen and carbon isotopic composition of sized{388
1. Downcore variations of important species are presented in Figugem) specimens oBlobigerinoides sacculifer were analyzed at 10-
2. cm spacing over the top 43 mcd of Site 927. The analytical procedure
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tionsin relative abundances of G tumida, G. truncatu- 0 i i i .
linoides (l&ft coiling), G. crassaformis, G. 23 28 33 38 43
conglobatus, and G. bulloides. Meters Composite Depth
isdiscussed in Curry and Cullen (this volume). All values are report- record down to Stage 20. Beyond that, we compared our record to the

ed in per million (%o) difference relative to the Peedee belemnit&ite 607 record in Raymo et al. (1990) and have unambiguously as-

(PDB) standard (Craig, 1957). The oxygen isotope data from 43Signed isotope stages down to interglacial Stage 27 (Fig. 4A). Thus,

samples were used to establish a glacial/interglacial time-stratigrapive can evaluate downcore faunal and carbonate preservation records

ic framework and to check the upper 1 m.y. section of the chronologywithin the context of glacial/interglacial climatic cycles over the 23

developed by Bickert et al. (Chapter 15, this volume). Results are pré&s 43 mcd interval in Site 927 (from isotope Stages 13 to 28).

sented in Figure 4 and are discussed in more detail below. To be consistent with other Leg 154 high resolution late Neogene

studies in this volume, we use the chronology developed by Bickert

RESULTS et al. (Chapter 15, this volume) for Site 927 over the past 2.5 m.y. that
is independent of th&®0 data presented here. It is a tuned time scale

| sotope Stratigr aphy based on the high resolution magnetic susceptibility data from Site
927 tuned to the precessional cycle using a 2 k.y. lag for magnetic
We compared the isotope record in Figure 4A with the compositgusceptibility. The 1-m.y. time series&fO variations presented in
80 record from Prell et al. (1986) and assigned isotope stages to oBigure 4B was generated using this chronology. The resulting ages
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for arandomly chosen series of specific isotopic events arein excel-
lent agreement with the ages of corresponding composite isotopic
events derived from the orbitally tuned 780 k.y. 8'°0 chronology in
Imbrie et a. (1984).

Preservation

The downcore records of percent whole foraminifers, percent
RSP, percent calcium carbonate, and percent coarse fraction are
shown in Figure 3. Despite the fact that all of these variables have
been widely used to evaluate relative amounts of carbonate dissolu-
tion and the extent to which differential dissolution may have modi-

Figure 2 (continued).

fied the foraminifer species composition of sediment samples (see
references in “Preservation Data” section above), not all of the ob-
served variance in each of the records will be related to carbonate dis-
solution/preservation. Each dissolution indicator, to varying degrees,
is affected by processes not associated with dissolution. For example,
even though percent carbonate and percent coarse fraction values will
decrease with increasing carbonate dissolution, terrigenous dilution
can also reduce their relative abundances. Percent RSP values will in-
crease with increasing carbonate dissolution, but can also be influ-
enced by changes in the original faunal composition of samples, as
can (although to a lesser extent) percent whole foraminifers, which
will nonlinearly decrease with increasing carbonate dissolution. Such
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non-dissolution related processes can reduce the degree of intercor-
relation between the various dissol ution indicators within a particular
data set (see correlation matrix in Table 2).

To more fully evaluate the preservation data at Site 927, and to
help us determine which dissolution indicator is most likely respon-
sive to dissolution in downcore sediments at Site 927, we examined
the depth distribution of percent whole foraminifers, percent RSP,
and percent calcium carbonate from 14 modern surface sediment
samples from the Ceara Rise (Fig. 5; core top locations are shown on
Fig. 1), aswell as percent whole foraminifers and percent RSP from
118 modern surface sediment samples from the tropical Atlantic
Ocean (Fig. 6). Thetropical Atlantic plotsreveal an average position
for the foraminiferal lysocline (FL) between 4100 and 4200 m water
depth asindicated by the abrupt increasein percent RSP and foramin-
ifer fragmentation (expressed here as the abrupt decrease in percent
whole foraminifers) at this depth level. Samples shallower than 4000
m exhibit little or no depth-related change in either preservation indi-
cator. RSP values remain below about 30% in water depths above the
FL and percent whole foraminifer values generally remain above
about 70% at water depths above the FL. Note that some sediments
from abovethe FL contain considerable fragments (Fig. 6). The open
circles on the percent whole foraminifers plot represent shallow sur-
face sediment samples with high fragmentation (expressed as low
percent whole foraminifer values) located below the more productive
waters of coastal upwelling regions or are shallow samples adjacent
to continental margins (only four of these 23 samples contain >30%
RSP).
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The Ceara Rise percent whole foraminifers and percent CaCO,
depth plots (Fig. 5) indicate alocal FL at around 4200 m (within the
depth interval for the mixing zone between northern-source deep wa-
ter, NADW, and southern-source deep water, AABW). Samples
above the FL consistently contain >80% whole foraminifers and
>60% CaCO;. Inthe present-day Ceara Rise area, samplesthat exhib-
it high fragmentation (percent whole foraminifer values below 30%)
do not seem to contain appreciable amounts of resistant species
(<20%). Finally, thereis a high linear correlation between carbonate
content and percent whole foraminifers (r = +0.86) in modern Ceara
Rise sediments.

Reexamination of the downcore plots of percent whole foramini-
fers and percent RSP reveals numerous intervals with preservation
values well out of the present-day ranges exhibited above the FL in
thetropical Atlantic Ocean suggesting that these intervalsexhibit lev-
els of preservation similar to present-day sediments from below the
FL, despite the fact that Site 927 is nearly 1000 m above the modern
local FL. The entire downcore interval exhibits carbonate values be-
low those observed above the FL in the present-day Ceara Rise re-
gion. The average percent carbonate in several well-preserved down-
core intervals (as indicated by very high percent whole foraminifer
values) is highly variable, with someintervals aslow as 35% carbon-
ate and others as high as 55% carbonate. In addition, percent carbon-
ate within any one of the well-preserved intervals exhibits ranges as
high as 30%. The degree of correlation between percent whole fora-
minifers and percent carbonate in Site 927 sediments is considerably
less (r = +0.60) than that observed in present-day Ceara Rise sedi-
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Table 2. Variousindicators of carbonate preservation between 23 and 43 mcd in Site 927.

Correlation coefficients

(foraminifers)*

Mean* Minimum  Maximum
Preservation indicator (relative%)  SD*  (relative %) (relative %) % Whole % RSP % CaCO;
% Whole foraminifers 65.5 214 184 96.7
% Resistant species (RSP) 25.8 115 7.6 66.5 -0.59
% CaCOs 29.6 10.4 34 60.0 +0.60 —-0.60
% Coarse fraction (>63 um) 8.2 5.3 0.9 28.1 +0.63 -0.60 +0.84

Note: *Number of samples = 200, SD = standard deviation.
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ments (r = +0.86); the degree of correlation between percent whole
foraminifersand percent RSP in Site 927 sediments (r = —0.59) isless
than that observed in present-day tropical Atlantic Ocean sediments
(r = —0.70). These comparisons suggest that percent carbonate fluc-
tuations within the 23-43 mcd depth interval are not controlled in a
simple way by dissolution and that other factors such as terrigenous
dilution and carbonate production may be important. Also, percent
RSP variations at Site 927 do not seem to be strongly controlled by
changes in preservation as recorded by percent whole foraminifers.
These observations suggest that Site 927 downcore changes in car-
bonate preservation are best reflected by the record of changing per-
cent whole foraminifers.
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To more fully understand variations in carbonate content and
preservation, we generated the time series of percent whole foramin-
ifers and percent calcium carbonate and plotted these beside the time
series of oxygen isotope variations (Fig. 7). Examination of these
time series indicates that (1) poorly preserved sediments are found
during both glacial and interglacial intervals; however, glacial maxi-
ma (380 maxima) generally exhibit poorest preservation asindicated
by lows in percent whole foraminifers (around 30%); (2) all but one
peak in carbonate abundance (val ues >50%) occur during or just after
rapid glacial/interglacial transitions; (3) intervals of good preserva-
tion last around 40 k.y. and are separated by what seem to be abrupt
shorter intervals of poorer preservation; and (4) cyclic carbonatefluc-
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tuations seem to be occurring roughly every 40 k.y. (12 asymmetrical
but distinct carbonate cycles can be identified over the 500 k.y. time
interval).

In summary, analysis of carbonate abundance and preservation at
Site 927 from 23 to 43 mcd (500-1000 ka) indicates that sediments
exhibit systematic cyclic changesin preservation and carbonate con-
tent and that the downcore variations in preservation indicators are
not ashighly correlated asthey arein tropical Atlantic and CearaRise
modern sediments. Changes in preservation are best reflected by
downcore changes in percent whole foraminifers, while both percent
carbonate and percent RSP records exhibit variability that is not re-
lated in a simple way to changes in preservation. Many downcore
percent whole foraminifer values fall below values typical of well-
preserved modern sediments found above the foraminiferal lysocline
in the present-day tropical Atlantic Ocean and identify intervals that
have likely been affected to some degree by differential dissolution.

Planktonic Foraminifer Faunas

Before analyzing the downcore variations in species relative
abundances, we compared the average faunal composition in the 23—
43 med interval of Site 927 (Table 1) with the average faunal compo-
sition of Holocene surface sediments in the modern tropical Atlantic
Ocean presented in Cullen and Prell (1984). The same six species are
most abundant in both data sets (see Table 1) and make up 77% of the
average fauna composition in Site 927 and 76% of the present-day
tropical Atlantic, respectively (both data sets contain about the same
proportion of samples with percent RSP values >30%).

Examination of Table 1 and Figure 2 reveals that significant
downcore variations in foraminifer species relative abundances have
occurred at Site 927 over the interval investigated. Fourteen of the 16
most abundant species exhibit ranges at or significantly above 10%.

We closely examined the downcore variability of those 14 plusthree
other species (Fig. 2). In addition, we generated time series for eight
of the most important species and compared each to time series of
0180 variations (Fig. 8). Important observations are briefly summa-
rized below.

1. The four most abundant species (Globigerinoides ruber, G.
sacculifer, Globigerinita glutinata, and Neogloboquadrina dutertrei;
Figs. 2A, 8A) show systematic high-frequency fluctuations with am-
plitudes predominately in the 10%—20% range. Abrupt larger ampli-
tude abundance changes occur on thetransitions between glacialsand
interglacials. Abundance maxima for G. sacculifer and N. dutertrei,
and to alesser extent G. glutinata, seem to occur during glacial max-
ima. G. ruber isdistinctly more abundant during interglacial Stage 21
(around 800-900 ka) and tends to occur at higher average abundanc-
es below this interval as well. In contrast, N. dutertrei is distinctly
less abundant below 36 mcd in sediments older than 800 ka. For G.
sacculifer, the smaller scale fluctuations discussed above seem to be
superimposed on alonger term trend in relative abundance (Figs. 2A,
8B). There is a distinct minimum in this long-term trend at around
750 ka with gradual increases in average relative abundance in the
section above and below this interval. This long-term pattern is very
similar to the pattern of &3C variation in G. sacculifer over the same
timeinterval (Fig. 9). Low G. sacculifer relative abundances seem to
correlate with low 6*C values.

2. A number of important species, namely Globorotalia menardii,
Pulleniatina obliquiloculata, Globigerina rubescens, (Figs. 2B, 8B),
and to alesser extent Globorotalia truncatulinoides (left coiling) and
Globorotalia tumida (Figs. 2C, 8C), occur in trace amounts or virtu-
ally disappear over long intervals between 23 and 43 mcd at Site 927
and form a significant part of the fluctuating foraminifer faunas be-
tween these intervals. The G. menardii complex (G. menardii + G.
tumida + G. menardii neoflexuosa; Figs. 2B, 8B) is absent in sedi-
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ments younger than 630 ka and in sediment between 830 and 790 ka
and in sediment between 1000 and 930 ka. Notethe G. menardii com-
plex remains a significant part of the foraminifer fauna over several
glacial/interglacial cycles between 930 and 830 ka and between 790
and 630 ka. P. obliquiloculata (Figs. 2B, 8B) abruptly disappearsjust
after reaching its maximum abundances at 750 ka (the isotope Stage
19/18 transition), reappears for a short time in low abundances be-
tween 710 and 690 ka, and then reappears and remainsin appreciable
amounts around 630 ka. The presence/absence behavior of both the
G. menardii complex and P. obliquiloculata in Pleistocene sediments
from the tropical Atlantic is expected and has been well documented
in many previous studies (e.g., Ericson and Wollin, 1956, 1968; Prell

and Damuth, 1978). G. rubescens (Figs. 2B, 8B) exhibits high fre-
quency, high amplitude abundance fluctuations in sediment older
than 690 ka and abruptly drops off to trace abundancesin the section
younger than this age. Finally, G. truncatulinoides (left coiling; Figs.
2D, 8C) isabsent or rarein sediment between the ages of 930 and 670
ka. In sediments older and younger than thisinterval, this species ex-
hibits a series of abrupt increases (to >10%) and decreasesin relatives
abundances.

3. N. pachyderma (right coiling; Figs. 2B, 8B) exhibitstwo signif-
icant peaks in relative abundance (>20%) during isotope Stage 20
(around 800 ka) and during the transition from isotope Stage 15 to 14
(around 540 ka); otherwise, its abundance generally remains below

217



JL. CULLEN, W.B. CURRY

= 21 Foraminiferal Fragmentation <200
g I 4180
o) L _:
8 1 1 160
~ I 4
o L
~— | -1 140
o f ] »
0‘9‘ 0 i - 120 g
o 1 c
, 1100 =
I ’ ] ] %
a1t ' Il 1 180 o
L I ] (o)
(14 1e Y
I | ] o
2k 1 l da0 2
L f ]
L 120 ;
| —— I% Whole F(?rams ........ [ 50-18 , 1 g
- A et — A 0
450 550 650 750 850 950 1050
Age (ka)
2r 100
— L .
m L
o) L
o L
o I
(@]
L L
o L
~ L
O or
boe] L
i L
o L
r (a2}
1t ]
[ Q
©
O
Pys =S
Figure 7. Time series of preservation indicators percent I ——— %CaCOo3
whole foraminifers and percent calcium carbonate r | |

between 23 and 43 mcd (500-1000 ka) at Site 927. Each -3
time series is accompanied by the G. sacculifer 580
chronology over the same time interval.

5%. These peaks correspond to peaksin the relative abundance of N.
dutertrei (see N. dutertrei plot, Fig. 8A).

4. Globigerinoidestenellusisonly abundant between 670 and 570
ka, especially during the late part of isotope Stage 18 (Fig. 8C).

5. The less abundant species shown in Figures 2C and 2D (Gl obi-
gerina falconensis, Globigerinella aequilateralis, G. truncatuli-
noides (right coiling), Globigerina bulloides, Globigerinoides con-
globatus, and Globorotalia crassaformis) exhibit small amplitude,
short-term fluctuations. Despite their generally low abundances, both
G. falconensis and G. aequilateralis exhibit distinct intervals of gen-
eraly higher relative abundances between 26 and 32 mcd (isotope

550 650

dance maxima and minima for any two species do not consistently
correspond along the entire section, nor is there any consistent offset
between the maxima and minima of species. Species abruptly in-
crease and decrease in relative abundance at distinctly different inter-
vals. Of the important species, only one species Nadutertrei-N.
pachyderma [right coiling]; r = +0.65) exhibits patterns of downcore
variation that produce linear correlation coefficients above +0.3. De-
coupled species fluctuations downcore indicate that relative abun-
dance patterns exhibit statistical independence. Faunas are of suffi-
cient diversity so that matrix closure does not produce artificially
high negative correlations between abundant species. In fact, only

Stages 18-15) fdB. aequilateralisand between 28 and 34 mcd (iso- two species paird\ dutertrei-G. glutinata, r = -0.49, andG. gluti-
tope Stages 19-17) and 37 and 40 mcd (isotope Stages 25-@2) fornata-P. obliquiloculata, r = —0.40) exhibit patterns of downcore vari-

falconensis.

ation with negative correlation coefficients better thar25.

6. Downcore interrelationships among abundant species are not We have attempted to assess the degree that differential dissolution
simple, and little systematic covariation exists among species. Abuiis influencing downcore variations in species relative abundances by
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comparing patterns of species variability to variations in the preserva-
tionindicators presented and discussed in thelast section. Table 3 sum-
marizes the degree of intercorrel ation between changesin preservation
using percent wholeforaminifersand changesin therelative abundanc-
esof 13 species. Thereisasignificant lack of correlation between per-
cent whole foraminifers and the relative abundances of these species,
which account for 90% of the average faunal composition. G. glutinata
and G. tenellus, two dissolution susceptibility species (Cullen and
Prell, 1984) and N. dutertrei and P. obliquiloculata, two dissolution re-
sistant species (Cullen and Prell, 1984) are the only speciesthat exhibit
patterns of variation that are even somewhat correlated to changes in
preservation. Thus, changesin foraminifer faunasfrom 23 to 43 mcd at
Site 927 do not seem to be appreciably controlled by differential disso-
Iution and changes in preservation.

In summary, planktonic foraminifer faunas exhibit noteworthy
variability between 23 and 43 mcd at Site 927. Downcore patterns of
variation for theimportant speciesare not highly correlated with each
other, nor do they seemto berelated in asimple manner to theglacial/
interglacial cycles defined by the chronology of stable isotope varia-
tions. In addition, downcore patterns of speciesvariation do not seem
to be significantly influenced by changes in carbonate preservation.
Planktonic foraminifer faunas are not responding in a significant
manner to modifications produced by differential dissolution. We
conclude that the observed changesin planktonic foraminifer faunas
at Site 927 are in response to changing environmental conditions in
the surface waters above the site.

We chose to analyze Site 927 faunal data further by comparing
downcore faunas to present-day faunas by means of the Modern An-
aog Technique (MAT). This technique has been used in the study of
Quaternary palynology (e.g., Prentice, 1980; Overpeck et al., 1985)
and wasfirst applied to planktonic foraminifer data by Hutson (1979)
and more recently by Prell (1985), Cullen and Droxler (1990),
Howard and Prell (1992), Cullen et a. (1994), and Curry and Oppo
(1997).

The MAT directly compares the faunal composition of a down-
core sample with a set of modern surface sediment samples; in this
study 1197 core-top samples from our new Global Data Base. Per-
centagedatafor 40 planktonic foraminifer taxonomic categorieshave
been compiled in one laboratory using a slightly modified and very
consistent, standardized taxonomy (Cullen and Martin, unpubl. data).
Samples analyzed in a number of previous studies (e.g., Kipp [1976]
and CLIMAP [1981] from the Atlantic; Hutson and Prell [1980] and
Cullen and Prell [1984] from the Indian Ocean; Parker and Berger,
1971; Thompson [1976, 1981] and Coulbourn et al. [1980] from the
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which exhibits systematic decreases in abundance with decreasing
mean dissimilarityr(= —0.65).

We used the MAT to compare downcore foraminifer faunas with
modern Ceara Rise foraminifer faunas. We analyzed the faunal com-
position of 14 Ceara Rise surface sediment samples (locations shown
in Fig. 1). We then calculated the mean dissimilarity of the 10 most
similar Ceara Rise core-top samples for each downcore Site 927 sam-
ple. Downcore intervals with low mean dissimilarities have faunal
compositions similar to faunas inhabiting the surface waters above
the present-day Ceara Rise. Results are plotted vs. time along with
the 80 chronology in Figure 11. The low mean dissimilarities dur-
ing much of isotope Stage 21 (8820 ka), and to a lesser extent dur-
ing isotope Stages 19 and 17 (around 770 and 690 ka, respectively)
suggest that surface water conditions during these intervals were
much like the surface waters above the present-day Ceara Rise. The
higher mean dissimilarities within the remainder of the section (com-
pare with Fig. 10A) indicate that faunal compositions were signifi-
cantly different during these times. These differences indicate that
surface water conditions above the Ceara Rise differed from present-
day conditions for significant intervals between 1000 and 500 ka.

SST Variations Above Site 927

The previous discussion suggests that downcore changes in
planktonic foraminifer faunas are in response to changes in the envi-
ronmental conditions of surface waters during the 1000 to 500 ka
time interval represented by Site 927 sediments found between 23
and 43 mcd. The surface water conditions above the subset of 10 best
modern analogs for each Site 927 sample can be used to predict the
surface water conditions above the site location at the time each sam-
pled sediment interval was deposited.

For our new Global Data Base, we have compiled average Febru-
ary and August SSTs above each of the faunally analyzed core-top
samples using the Global Ocean Surface Temperature Atlas (GOS-
TA; Bottomley et al., 1990), which is based on ship observations
from 1951 to 1980. These monthly average SSTs have been used to
convert the SSTs into a data set of warm-season and cold-season
SSTs. These data are used to estimate changes in SST above Site 927.

Cold and warm SSTs were calculated for each Site 927 downcore
sample by averaging the set of cold and warm SSTs above the 10 best
analogs identified from the new Global Data Base of modern seabed
samples. Time series of the SST estimates, along with the stable iso-
tope chronology, are presented in Figure 12 and are statistically sum-

Pacific), along with additional new samples, have been “repickediarized in Table 4. In general, sediment samples with the best ana-
(and in some cases resampled) by the taxonomic experts at Browogs (lowest mean dissimilarity coefficients) produce SST estimates

University using our standardized taxonomy.

with the lowest standard deviations (compare downcore plots of stan-

We used the squared chord distance to calculate the dissimilaritiard deviations with plot of mean dissimilarity; Fig. 10). The stan-

between each sample at Site 927 and all samples in the new Glolard deviations for both warm and cold SST estimates exhibit a sys-
Data Base of modern core-top samples. Dissimilarity values camematic increase with increasing mean dissimilanity ¢-0.36 and
range from O (identical) to 2.0 (most dissimilar). We then identified+0.41 for warm and cold standard deviations, respectively; Fig. 10).
the 10 most similar modern samples for each downcore sample and Warm SST estimates fluctuate around a mean of 27.6°C, just
calculated the mean of the dissimilarity coefficients for each individslightly below present-day observed warm SSTs (28.0°C). Tempera-
ual set of 10 modern analogs. Only 24 of the 200 Site 927 samplésres are more stable before 800 ka (around isotope Stage 20) where
did not have 10 modern analogs with dissimilarity coefficients of lesshe amplitude of temperature variation is generally less than 1°C. Af-
than 0.25. The mean dissimilarity coefficient for the 10 best moderter 800 ka there is a distinct increase in the amplitude of warm SST
analogs for each downcore sample is plotted in Figure 10A and staariability to near 20°C. Highest warm SST estimates occur during
tistically summarized in Table 4. Note that the highest mean dissininterglacial Stages 19, 17, and 15. Cold SST estimates exhibit greater
ilarities occur between 25 and 26 mcd and just below 35 mcd. Thesenplitude variability (between 2° and 4°C) than warm SST estimates
intervals correspond to the transitions between isotope Stages 15 anith a mean of 25.1°C, which is a full 2°C colder than modern cold
14 and isotope Stages 21 and 20, respectively. Samples with the po8STs above the Ceara Rise. In fact, only for six very brief time inter-
est modern analogs seem to contain abundant amouNtpacthy- vals do estimates of cold SST approach 27°C. Thus, cold SSTs above
derma (right coiling) and\. dutertrei. Both species exhibit systemat- the Ceara Rise remain below modern levels for the bulk of time be-
ic increases in abundance with increasing mean dissimilarity rwith tween 500 and 1000 ka. Not surprisingly, two of the three coldest in-

= +0.57 forN. pachyderma [right coiling] andr = +0.63 forlN. duter-
trei. Samples with the best set of modern analogs are righrirber,

tervals correspond to peaks in the relative abundardepathyder-
ma (right coiling) during glacial Stages 20 and 14. Highest cold SST
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Figure 8 (continued).

Figure 9. Time series of variations G sacculifer
relative abundance plotted with time series of
variationsin its 8'°C content. Note similar pat-
terns of low frequency variability.
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Table 3. Linear correlations between percent whole foraminifers, MAT
estimates of warm and cold SST, and important downcore foraminifer
species between 23 and 43 mcd in Site 927.

% Whole Warm SST Cold SST

Species and other variables foraminifers estimate  estimate

G ruber +0.27 +0.04 +0.18
G sacculifer -0.01 -0.09 +0.10
G glutinata +0.56 +0.33 +0.21
G dutertrei -0.50 -0.08 -0.34
G menardii +0.03 -0.30 0.00
P. obliquiloculata -0.42 +0.21 +0.14
G rubescens +0.16 +0.03 +0.21
G pachyderma, right coiling -0.25 -0.27 -0.45
G falconensis +0.08 -0.07 -0.31
G truncatulinoides, right coiling +0.03 -0.21 -0.23
G. truncatulinoides, left coiling 0.00 0.00 -0.22
G tenellus +0.40 -0.03 -0.17
Cold SST estimate +0.13 +0.60

Warm SST estimate +0.03 +0.60
Mean dissimilarity, 10 best modern analogs ~ -0.28 -0.09 -0.40
% CaCOy +0.60 +0.25 +0.31
% RSP -0.59 -0.23 -0.37
Coarse fraction (% >63 um) +0.63 +0.29 +0.40

estimates occur during interglacial Stage 17 and just before and after
glacial Stage 26.

A comparison of downcore estimated SST patterns with down-
core relative abundance variations of important foraminifer species
reveals no obvious correspondence among patterns (except for N.
pachyderma [right coiling], see above). None of the 12 most impor-
tant species patterns are highly correlated to estimated SST patterns,
particularly for warm SSTs. Only two species, G. glutinata and G.
menardii, exhibit even dlight linear correlation to estimated warm
SSTs (r = +0.33 and —0.30 for these two species, respectively). N.
pachyderma (right coiling), N. dutertrei, and G. falconensis exhibit
dlight negative correlation to estimated cold SSTs (Table 3). These

VARIATIONS IN PLANKTONIC FORAMINIFER FAUNAS

Table 4. Statistical summary of downcore MAT dissimilarity measures
and MAT estimates of SST between 23 and 43 mcd in Site 927.

MAT variable Mean SD  Maximum Minimum

Cold SST estimate (°C) 25.1

SD, cold SST estimates (°C) 1.6
Warm SST estimate (°C) 27.6
SD, warm SST estimates (°C) 0.9
Mean dissimilarity, 10 best modern analogs
SD diss., 10 best modern analogs .
Mean dissimilarity, Ceara Rise analogs 0.
SD, Ceara Rise analogs 0.

2

N

N
oulok
OCOopwWhADN

7.4
4.1
28.9
2.5
0.32
0.04
0.08

01 0.01

Co
g
(5}

Note: Seetext for complete explanation of each MAT variable; SD = standard deviation.

observations suggest that downcore faunal changes are likely in re-
sponse to ecologically important near surface water environmental
conditions other than SST. A similar conclusion was reached while
studying a600 k.y. record from thetropical Indian Ocean (Cullen and
Droxler, 1990).

DISCUSSION

In previous sections, we have attempted to demonstrate that, even
though the various indicators of carbonate preservation examined do
exhibit changes downcore and, to some extent, must be recording
changesin preservation and in the relative amounts of carbonate dis-
solution, differential dissolution does not seem to significantly con-
trol changing relative abundance patterns for the important plankton-
ic foraminifer speciesidentified in Site 927 sediments. Our analysis
suggeststhat planktonic foraminifer variability ispredominately con-
trolled by changing conditionsin the surface waters above the Ceara
Rise. In addition, we have estimated past changes in SST using the
Modern Analog approach. Comparison of downcore changesin esti-
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Figure 10. A. Downcore variations in the means of the dissimilarity coefficients of the 10 modern surface sediment analogs most similar to each downcore sam-
ple between 23 and 43 mcd in Site 927. B. Downcore variations in the standard deviations of the downcore cold and warm SST estimates using SSTs above each

of the 10 best modern analogs.
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Figure 11. Time series of variationsin the means of the dissimilarity coefficients of the 10 modern Ceara Rise surface sediment analogs most similar to each Site
927 sample between 500 and 1000 ka. Time series of &'80 variationsin G. sacculifer isincluded for comparison.

mated warm and cold SSTswith the well-documented changesin the
abundances of major foraminifer species suggests that changes in
surface water conditions other than SST are controlling patterns of
foraminifer variability in the western tropical Atlantic. This conclu-
sion is supported by the observed lack of correlation between down-
core estimated SSTsand patterns of species variability and by the ad-
ditional fact that variationsin estimated downcore SSTs are not large
over the same Site 927 depth interval that exhibits a significant
amount of planktonic foraminifer species variahility. The planktonic
foraminifer faunal datafrom 23 to 43 mcd at Site 927 exhibits signif-
icant changes in response to changing environmental conditions in
the surface waters, which are not likely reflected by changesin SSTs
above the CearaRise.

In their studies of planktonic foraminifer faunas from surface sed-
imentsinthetropical Atlantic Ocean, Ravelo et al. (1990) and Ravelo
and Fairbanks (1992) have related spatial variations in faunas to
changes in the hydrographic conditions of the overlying surface wa-
ter layer. They found that tropical Atlantic faunal factor assemblages
(calculated using Q-mode factor analysis) are not as highly correlated
to cold and warm SSTs as they are to other aspects of the ocean sur-
face layer like depth of the mixed layer, thermocline depth and sea-
sonality, and surface seasonality. For example, one factor assem-
blage, dominated by G. ruber, G. glutinata, and to a lesser extent G.
sacculifer (species known to calcify in the mixed layer; Ravelo and
Fairbanks, 1992), correlates well to mixed layer depth, dominating
regionsin thetropical Atlantic where the mixed layer isdeep all year
(western regions including Ceara Rise area). Another factor assem-
blage dominated by G. menardii, N. dutertrei, P. obliquiloculata, and
G. tumida, which are found in greatest abundances within narrow
depth ranges in the thermocline where the chlorophyll maximum is
located (and thus, primary production is at a maximum; Fairbanks
and Wiebe, 1980; Fairbanks et al., 1980, 1982; Ortner et al., 1980),
seemsto be most abundant in regions where surface temperature sea-
sonality islow and the thermocline moves into the photic zone (east-
ern tropical Atlantic between 0° and 15°N; Ravelo et al., 1990).

The results presented in Ravelo et al. (1990) suggest that down-

core variations in th&. ruber, G. sacculifer, andG. glutinata species
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sum and thé&\. dutertrei, P. obliquiloculata, G, menardii, andG. tu-

mida species sum in Site 927 may reveal information on changing hy-
drographic conditions above the Ceara Rise. The increase in the sum
of the “thermocline” species relative to the “mixed layer” species
may be a simple way to indicate times when the mixed layer is shal-
low and the thermocline remains in the photic zone for significant in-
tervals during the annual cycle. The species sum plots are presented
in Figure 13. The two species sum plots exhibit strong negative cor-
relation ¢ = -0.81). Both plots exhibit cyclic variation on glacial/in-
terglacial time scales with the sum of the “mixed layer” species dom-
inating interglacial intervals and the observed maxima in the sum of
the “thermocline” species occurring during glacial intervals (Fig. 13).
This suggests that, from 1000 to 500 ka, the surface layer hydrogra-
phy above the Ceara Rise during glacial times may have been more
similar to present-day conditions observed farther to the east in the
tropical Atlantic. Such changes could have important implications re-
garding surface water circulation patterns in the tropical Atlantic.

The interpretations we have presented above are considered pre-
liminary in nature and will be further investigated in future work
upon the completion of the Site 927 faunal record for the past 1 m.y.
Two additional observations substantiate the preliminary nature of
our above interpretations.

1. The calculated faunal assemblages from tropical Atlantic sur-
face sediments by Ravelo et al. (1990) indicate that the pat-
terns of distribution among species with high loadings on the
same faunal factor are correlated and positively covary. Thus,
Site 927 downcore relative abundance variations arGongy
ber, G. glutinata, andG. sacculifer, as well as among species
in the grouping oN. dutertrei, P. obliquiloculata, G. menar-

dii, andG. tumida, should positively covary if species associ-
ations in the tropical Atlantic have not changed through time.
As indicated by comparing downcore species variations in
Figures 2 or 8, the correlation coefficients of downcore rela-
tive abundances among species within the same groupings are
small. Thus, species associations may be changing with time.
Ravelo et al. (1990) observed differences in species associa-
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tions between modern and Last Glacial Maximum sediments layer remained thick and the thermocline was well below the photic

from the tropical Atlantic. zone. However, these interpretations cannot fully explain the previ-
2. The two species sums we plotted downcore (Fig. 12) have ously discussed numerous large-scale and abrupt downcore changes
much higher correlations to changes in preservation as ex- in relative abundances observed by many species (see Figs. 2B, 2C,

pressed by percent whole foraminifers than any of theindivid- 8B, 8C).
ual species (r = +0.45 between the “mixed layer” species sum
and percent whole foraminifers, and= —0.57 between the
“thermocline” species sum and percent whole foraminifers). SUMMARY AND CONCLUSIONS
Therefore, some of the observed downcore changes may be ar-
tifacts of preservation and not totally related to hydrographic The work presented here represents our initial results at docu-
changes in the surface water layer above the Ceara Rise. menting and interpreting patterns of variability in planktonic fora-
minifer species relative abundances at Site 927, a shallow water
In summary, much of the observed species variability betwee(B315 m) Leg 154 site from the Ceara Rise in the western tropical At-
1000 and 500 ka in Site 927 may be related to changes in the mixkdhtic within the middle Pleistocene (16800 ka). Species patterns
layer depth and the amount of time the thermocline is in the photiwere examined and interpreted within the context of changing states
zone during the annual cycle. Our preliminary interpretations suggesf carbonate preservation in order to evaluate the extent that changing
that during glacial intervals, hydrographic conditions were more simforaminifer faunas are reflecting variations in surface water condi-
ilar to present-day conditions observed toward the eastern parts of ttiens within an area that is now a warm pool of nutrient-depleted sur-
tropical Atlantic, whereas during interglacial intervals, the mixedface water above a deep mixed layer. Changes in sea-surface temper-
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ature (cold and warm season) were estimated from foraminifer faunas
using the Modern Analog Technique and anew Global Data Base of
faunally analyzed surface sediment samples. Changing faunas were
further interpreted on apreliminary basisin terms of changing hydro-
graphic conditions in the surface water layer above the Ceara Rise.
Our initial results are summarized below.

1. Site 927 sediments exhibit systematic cyclic changesin preser-
vation and carbonate content. Downcore variations in preservation
indicators are not as highly correlated as they arein tropical Atlantic
surface and Ceara Rise modern sediments. Downcore changes in
preservation are best reflected by changes in percent whole foramin-
ifers. Downcore records of both percent carbonate and percent resis-
tant species (RSP) exhihit variability that is not related in a simple
way to changesin preservation.

2. Many downcore percent whole foraminifer values in Site 927
fall below values typical of well-preserved modern sediments found
above the foraminiferal lysoclinein the present-day tropical Atlantic
Ocean and identify intervals that have likely been affected to some
extent by differential dissolution.

3. The same six species that dominate tropical Atlantic surface
modern sediments dominate foraminifer faunas found between 23
and 43 mcd at Site 927 (Table 1).

4. The four most abundant species (G. ruber, G. sacculifer, G.
glutinata, and N. dutertrei) show systematic high frequency fluctua-
tions with amplitudes predominately in the 10%—-20% range. A num-
ber of other important species (G. menardii, P. obliquiloculata, G.
rubescens, G. tumida, G. truncatulinoides[left coiling], and G. tenel-
lus) exhibit abrupt, relatively high amplitude increases and decreases
in relative abundances superimposed upon higher frequency and low-
er amplitude variability. For G. sacculifer, higher frequency changes
seem to be superimposed upon alonger term trend that is positively
correlated with changes in its 83C content. Finally, N. pachyderma
(right coiling) exhibitstwo abrupt and significant increasesin relative
abundance during isotope Stage 20 and during the transition from
isotope Stage 15 to 14.

5. Downcore interrelationships among abundant species are not
simple. Thereislittle apparent linear covariation among species.

6. There is a significant lack of correlation between changes in
preservation (as expressed by changesin percent whole foraminifers)
and changes in the relative abundances of the 13 most important
downcore species. Thus, changesin foraminifer faunasin the studied
interval at Site 927 do not seem to be appreciably modified by differ-
ential dissolution.

7. The Modern Anaog technique was used to directly compare
downcore foraminifer faunas with present-day faunas. Only 24 of the
downcore samples did not have 10 modern anal ogs with dissimilari-
ties of lessthan 0.25. Downcore sampleswith the poorest modern an-
alogs had high abundances of N. pachyderma (right coiling) and N.
dutertrei. Samples with the best set of modern analogs arerichin G.
ruber. Downcore samples were directly compared with present-day
CearaRiseforaminifer faunasusing the MAT. High mean dissimilar-
itiesdowncore indicate that surface water conditions above the Ceara
Risediffered from present-day conditionsfor significant intervals be-
tween 1000 and 500 ka.

8. Reasonably reliable estimates of cold and warm SST were cal-
culated using the Modern Analog approach. Warm SST estimates
vary little, except for a few isolated excursions; the amplitude of
warm SST variations is somewhat greater after 800 ka. Cold SST es-
timates show more variability and, for the most part, remain below

present-day values (27.0°C) for most of the time interval studied.
9. Observed downcore faunal variability is considerably greater

VARIATIONS IN PLANKTONIC FORAMINIFER FAUNAS

of the surface water layer, namely the depth of the mixed layer, the
extent to which the thermocline is in the photic zone during the annu-
al cycle, and SST seasonality (Ravelo et al., 1990).

10. At Site 927, species that are most abundant in present-day sed-
iments below areas where the mixed layer is tHk(ber, G. glu-
tinata, andG. sacculifer; Ravelo et al., 1990) dominate interglacial
intervals. “Thermocline” speciesl(dutertrei, P. obliquiloculata, G.
menardii, andG. tumida; Ravelo et al., 1990) that are more abundant
in sediments below areas where the thermocline spends considerable
time in the photic zone during the annual cycle and SSTs don't vary
much are much more abundant during glacial intervals between 1000
and 500 ka in Site 927 sediments. Therefore, during these glacial in-
tervals the surface water layer above the Ceara Rise is more similar
to conditions toward the eastern part of the present-day tropical At-
lantic (shallower mixed layer, for example) and suggests that tropical
Atlantic patterns of surface circulation were different.
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