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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.

We appreciate the use of unpublished data supplied by
Douglas Williams (University of South Carolina) and John
Keany (Phillips Petroleum, Oklahoma). This research was
supported by National Science Foundation grant DPP 77-
06687.
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Figure 1 (left). Variation in mean sizes of Globigerina
bulioides in core E 48-22 from the Subtropical Convergence in
relation to paleoclimatic indices based on principal-compo-
nent analysis of planktonic foraminiferal faunas, coiling
directions in Neogloboquadrina pachyderma, and oxygen
Isotope ratios. (The curves are plotted as three-point moving
averages. Oxygen isotopes and other data are after Williams,

1976. Chronology is shown to the right.)
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Figure 2 (right). Variation in mean sizes of G. bulloides in
core E 49-19 from the central subantarctic in relation to prin-
cipal-component analysis of planktonic foraminiferal faunas
and coiling direction of N. pachyderma curves. (The curves
are plotted as three-point moving averages. Chronology is

shown to the right.)
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