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Deep-sea benthonic foraminifera have been studied in the
southeast Indian Ocean (25 0 -50°S. 80°-140°E.) as a means
by which to infer Quaternary bottom-water circulation
changes in this area (Corliss, 1978). The Recent benthonic
foraminifera from middle bathyal-abyssal water depths
(2,500 to 4,600 meters) from 64 trigger core tops in the
southeast Indian Ocean are documented and illustrated with
scanning electron micrographs, and a review of the taxonomy
of 33 taxa is presented (Corliss, in press, c). The majority of
the 33 taxa (26) are rotalid species, with miliolid species (4)
and agglutinated forms (3) being of secondary importance.

The benthonic foraminifera have been quantitatively ex-
amined to evaluate their possible relations with deep-sea
water masses. Factor analysis of the species-frequency data
shows two faunal assemblages in the region (Corliss, in press,
a). The first major faunal assemblage is dominated by
Epistominella umbonfera (Cushman), Planulina wuellerstorfi
(Schwager), Globocassidulina subglobosa (Brady), Pullenia
bulloides (d'Orbigny), and Oridorsalis tener (Brady). This
assemblage is associated with Antarctic bottom water (Bw).
Two subgroups exist within this assemblage: E. umbon!fera
dominates the faunal assemblage where the coldest (-0.2° to
0.4°C) AABW is found; C. subglobosa dominates the
assemblage where warmer (0.6° to 0.8°C) AABW is present.
The second major faunal assemblage is marked by a strong
dominance of Uvzgerina spp. and Epistominella exigua (Brady)
and is associated with Indian bottom water (IBw) on the
Southeast Indian Ridge and water intermediate between
AABW and 18W in the South Australian Basin. The distribu-
tion of the first faunal assemblage suggests that AABW flows
northward through the Southeast Indian Ridge at about 105°
to 120°E. longitude into the South Australian Basin and turns
westward, forming a narrow western boundary contour cur-
rent along the northern flank of the ridge. The bottom water
is inferred to flow north to the Broken Ridge, where it is
diverted eastward, and finally flows northward into the
Wharton Basin between Broken Ridge and Naturaliste
Plateau.

The faunal-water mass relationships found in the dis-
tributional study have been used to infer the history of AABW
circulation over the last 500,000 years in this region from
faunal data from four Eltanin cores (Corliss, in preparation).
One core was taken from the southeast Indian Ridge in
association with IBW and three were taken from the flank of
the ridge associated with AABW flowing within a western
boundary contour current in the South Australian Basin. Lit-
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Figure 1. The distribution of two assemblages of deep-sea
benthonic foraminifera in the southeast Indian Ocean (Cor-
liss, in press, a). The numbers shown at the sample locations
are factor loadings derived from a factor analysis of the
faunal data. The values range from 0 to 1 with the larger
values Indicating the greater importance of that particular
assemblage within the sample. The data are contoured at the
.6 and .8 levels. The Antarctic bottom water (AABW)assemblage is dominated by Epistominella umbonifera,Planu gina wuellerstorfi, Globocassjduilna sub globosa,Pullenia bulloides, and Oridorsails tenor, and is in areas
where A4aw Is inferred to be present. The Indian bottom water
(law) assemblage is dominated by Uvigerina app. andEpistominella exigua, and is In areas where iaw and water In-

termediate between AABW and iw Is inferred to be present.

tie faunal variation exists in E48-22 taken beneath IBW, in-
dicating that bottom circulation in this area has been
relatively constant on the Southeast Indian Ridge during the
Late Quaternary. Marked oscillations in the relative propor-
tions of AABW and IBW faunal assemblages are found in one
core, E48-03, which is the deepest core taken within the
western boundary current. The faunal variations are inferred
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Figure 2. The location of
four Eltanin piston cores
used to determine from
deep-sea benthonic
foraminiferal data a history
of Quaternary bottom-
water circulation In the
southeast Indian Ocean.
The major physiographiC
features and the 2,000,
3,000, and 4,000 meter
depth contours (Heezen at
al., 1972) are also shown.
The path of AABW within a
western boundary contour
current inferred from deep-
sea benthonlc foramini-
feral data is shown
enclosed by the dark line,
with the solid arrows in-
dicating the direction of the
Inferred flow (Corliss, in
press, a). An additional
route for AABW is shown in
open arrows and Is Inferred
from hydrographic data
(Gordon and Molinelli,

1975; Rodman, 1977).

to have resulted from variation in the intensity of AABW cir-
culation, between 500,000 and 195,000 years ago. Two addi-
tional cores taken beneath AABW, E45-27 and E45-74, show
the AABW assemblage to be present from about 195,000 years
ago to the present indicating relatively constant intensity of
AABW circulation during this time.

AABW production has occurred during both glacial and in-
terglacial episodes, with low intensity of AABW circulation oc-
curring during both glacial and two interglacial episodes. In
this study, the relationship between bottom-water circulation
and climatic fluctuations appears to be more complex than
had been previously suggested (Weyl, 1968; Newell, 1974)
since a simple relationship between Quaternary bottom-water
circulation and paleoclimatic fluctuations is not shown in this
study.

Biometric analysis of the deep-sea benthonic foraminifer
Globocassidulina subglobosa (Brady) in the southeast Indian
Ocean has revealed distinct trends in size variation (Corliss,
in press, b). The mean length and coefficient of variation of
the length of specimens greater than 150 microns in 31 trigger
core tops were calculated. A correlation analysis between the
mean length and variability of the length and potential tem-
perature, in situ temperature, salinity, dissolved oxygen con-
tent, sigma-t, greater than 63 micron weight percent, water
depth, a calcium carbonate dissolution index, and latitude
was carried out to determine what factors control the ob-
served size patterns. Mean length correlates negatively with
water depth and the calcium carbonate dissolution index.
Variability of length correlates negatively with depth.

Phenotypic variation resulting from the distribution of tem-
perature, salinity, and oxygen, or winnowing by bottom cur-
rent activity do not adequately explain the observed size dis-
tribution. Significant correlations between length, variability
of length, and water depth and the calcium carbonate dis-
solution index suggest the size trends may be controlled by
either calcium carbonate dissolution or by the availability of
calcium carbonate to the living organism.

This work was supported by National Science Foundation
grant DPP 77-06687.
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When studying phenotypic variation in the cool-water
planktonic foraminifer Globigerina bulloides d'Orbigny
throughout its range of abundance in the southern Indian
Ocean (south of 30°S.), we discovered several morphotypic
gradations among the samples (Malmgren and Kennett,
1976). One of these is the mean test size, which becomes gra-
dually larger with decreasing seawater temperatures. We
have now completed measurements in a traverse of three late
Quaternary Eltanin cores from the southern Indian Ocean
(Malmgren and Kennett, 1978). Our objective was to deter-
mine whether mean size responds to paleoclimatic changes
and thus whether this parameter represents a potential
paleoclimatic index.

In core E 48-22 from the Subtropical Convergence (40° 5.
85°E., water depth 3,380 meters), mean size oscillates in a
fashion similar to paleoclimatic oscillations based on prin-
cipal-component analysis of entire assemblages of planktonic
foram inifera, coiling proportions in Neogloboquadrina
pachyderma, and oxygen isotopes (figure 1). Larger mean size

during cool episodes and smaller sizes during warm episodes
are predicted from the modern size gradation. Cool and
warm peaks do not exactly coincide in the mean-size curve
and the paleoclimatic curves, but cross-correlation
analyses show that the mean-size curve is offset 10 to 40 cen-
timeters (5-22 103 years) behind the paleoclimatic curves.
Cross-correlation coefficients are between 0.73 and 0.89,
which are significant at the 0.1 percent level.

A strong paleoclimatic control of the mean-size oscilla-
tions also is exhibited in the central subantarctic area (core E
49-19; 44°S.90°E., water depth 3,036 meters) (figure 2).
Here, close to the present area of optimum adaptation of G.
bulloides, the mean-size curve is not offset from the
paleoclimatic indices as in E 48-22. Cross correlations of 0.63
at lags of zero are significant at the 0. 1 percent level. In the
area of the Polar Front (core E 45-74; 48'S. 114* E.,  water
depth 3,806 meters), the relationship between mean sizes and
paleoclimatic history breaks down. Increased dissolution of
the assemblages due to greater depth and higher latitude may
have biased the size distributions.

Predictions of absolute-paleotemperature ranges were
made in E 48-22 and E 49-19 from a paleotemperature equa-
tion derived from the mean-size variation in the surface sedi-
ments (Malmgren and Kennett, 1976):

Temperature (annual-average surface water in °C) =
—0.1184 (mean width of G. bulloides in microns) +

45.06.

The late Quaternary sediments in E 48-22 were deposited
under surface-water temperatures ranging between about
9°C ± 1°C and 16°C ± 1°C and those in E 49-19 under tem-
peratures fluctuating between about 3°C ± 1°C and 10°C ±
1°C.

In summary, the study has shown that mean size of G.
bulloides may be a useful paleoclimatic index in studies of
deep sea cores in the Southern Ocean region. However, this
method must be used carefully in cores exhibiting intensive
calcium carbonate dissolution because selective dissolution
could bias the size distribution of G. bulloides.
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