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Assemblages of Globigerina bulloides in Eltanin
cores and samples from the southern oceans show
three variations of normalforms (fig. 1): (1) those*
with four chambers in the final whorl and with a
small aperture similar to G. bulloides praebulloides
Blow, (2) typical forms with four chambers in the
final whorl and with a larger aperture defined as
G. bulloides bulloides d'Orbigny, and (3) those with
four and one-half to five chambers in the final whorl
and with a larger aperture referred to G. bulloides
concinna Reuss. Kummerforms may occur in any
of the three subspecies; those with four chambers in
the final whorl are described as G. quadrilatera Galloway and Wissler. Tropical to temperate species
often confused with the G. bulloides group are G.
falconensis Blow (distinguished by its apertural lip)
and G. calida Parker (distinguished by a radial
elongation of chambers and the umbilical-extraumbilical nature of the aperture in adults).
Even though only the tops of trigger cores were
studied for Recent planktonic faunas, many of those
from Drake Passage, from south of Australia, and
from the southeastern Indian Ocean (Eltanin Cruise
45) show evidence of Pleistocene or older assemblages
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occurring essentially in surface sediments of the sea
floor. Much of the disparity between planktonic
zones based upon bottom samples and those determined by plankton tows results from this problem.
Of equal significance in explaining this disparity is
the northward movement of antarctic surface water
as subantarctic intermediate water to the north of
the Polar Front. Boltovskoy (1969) reported living
populations of Globorotalia pachyderma and Globigerina bulloides to depths greater than 1000 meters.
Thus, cold water planktonic indices are displaced in
this way to the north of water masses they occupy
at the surface.
Tropical zone. Although G. bulloides occurs rarely
in tropical areas (fig. 2, top row), specimens are
small, ranging from about 0.20 to 0.30 millimeters
and characterized by a restricted aperture. Typical
forms of G. bulloides in the southern oceans (fig. 2,
all but top row) are more variable and have maximum diameters of 0.40 to 0.77 millimeters as represented in bottom sediments.
Temperate or transitional zone. Although there is
a disparity between latitudinal zonation of planktonic
faunas in bottom sediments as compared with that
based upon plankton tows, the tows by Be (1969)
and Boltovskoy (1969) in the southern ocean provide some of the critical associations of significance
in understanding the relationships between variations
of C. bulloides and water masses. Variations of G.
bulloides with but four chambers in the final whorl,
both kummerforms and normalforms, occur in the
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Figure 1. Forms of Globigerina bulloides d'Orbigny. Upper left:
G. praebulloides occlusa with restricted aperature, test diameter
0.43 mm (Eltanin 45-13, 32° 42' S., 101° 00' E., 4874 m).
Typical G. bulloides: Upper right: diameter 0.53 mm, lower left
0.77 mm (Eltanin—USC-58° 00' S., 700 57' W., 4005 m).
G. bulloides concinna Reuss, lower right, with five chambers in
final whorl, diameter 0.83 mm (Eltanin 45-76, 46 0 36.2' S.,
114° 24.5' E., 3822 m).

temperate zone in association with dextral assemblages of Globorotalia pachyderma (Ehrenberg) and
Neogloboquadrina dutertrei dutertrei (d'Orbigny)
with umbilical teeth. This association occurs well
north of the Polar Front.
In the southern part of the temperate zone, G.
bulloides concinna appears together with assemblages
of G. pachyderma containing progressively greater
percentages of sinistral forms southward. In this assemblage are specimens of Neogloboquadrina dutertrei subcretacea (Lomnicki) that lack umbilical
teeth. This association occurs just north of the Polar
Front, or to the north of the antarctic convergence.
Polar Front and antarctic zone. All variations of
G. bulloides occur in the zone of the Polar Front;
somewhat higher percentages (greater than 40 percent) of kummerforms occur here than to the north
(about 30 percent). The species declines and disappears in antarctic samples to the south. Important
associations with the Polar Front assemblages are:
(1) dominantly sinistral assemblages of Globorotalia
pachyderma, and (2) the appearance of the heavily
encrusted form of C. pachyderma, which is typical
of the Antarctic (Bandy and Theyer, 1971, fig. 1,
11-12), a form that attains a diameter greater than
0.30 millimeter in contrast to the slightly smaller
forms (0.23 millimeter) of this species. It is noteworthy that the antarctic form of G. pachyderma
was carried into the northern Pacific with antarctic
water during colder cycles of the Pleistocene.
Support for this study was provided by the National Science Foundation under grant GV-25 749.
Tropical specimens of C. bulloides were supplied by
G. Vilks. This is Contribution No. 294, Department
of Geological Sciences, University of Southern California.
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Figure 2. Globigerina bulloides, 1, 2, 3: tropical forms from
plankton tow, 00° 03.6' S., 149° 52.6' W. (dia. of 1, 0.30 mm;
of 2, 0.20 mm; of 3, 0.25 mm). G. bulloides praebulloides-like,
4, 5: Eltanin 45-13, 32° 42' S., 1010 00' E., 4874 m. (dia. of
4, 0.43 mm; of 5, 0.50 mm). G. bulloides bulloides, 6, 9, 10,
13: Eltanin (USC) 312, 58° 00' S., 70° 57' W., 4005 m (dia. of
6, 0.77 mm; of 9, 0.53 mm; of 10, 0.57 mm; and of 13, 0.53
mm). G. bulloides concinna, 7, 8, 11, 12: Eltanin 45-76, 46°
36.2' 5., 114 24.5' E., 3822 m. (dia. of 7, 0.67 mm; of 8,
0.68 mm; of 12, 0.83 mm). Eltanin (USC) 312 (dia. of 11,
0.67 mm).
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A detailed paleomagnetic and biostratigraphic
study of 18 predominantly Gilbert-Gauss (2.4 to 5.0
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