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Malmgren and Kennett (1976) show that average
test size and coiling direction in modern assem-
blages (surface sediments of USNS Eltanin cores)
of the planktonic foraminifera Globigerina bulloides
d'Orbigny show clear relationships with the distri-
butions of southern subtropical to northern antarc-
tic waters of the southern Indian Ocean (300 to
53°S.). The species attains largest test sizes in cooler
waters (average widths of about 350 microns) and
decreases gradually in size with increasing surface-
water temperature (to a minimum average of about
210 microns). Highest percentages of sinistrally
coiled forms (about 70 percent) occur in cooler
waters decreasing to about 55 percent sinistral coil-
ing in warmer waters. We are studying G. bulloides
in late Quaternary Eltanin cores from subantarctic
waters to determine if average test size and coiling
direction changes parallel paleotemperature curves
established using other methods. The other meth-
ods include those based on frequency variations in
single species or groups of species, coiling direc-
tions, and oxygen isotopic variations.

MEAN TEST SIZE
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Study of one core is complete (Eltanin 48-22A;
39.900S. 85.41 0E.; water depth 3,378 meters). The
result indicates that mean test size variations in G.
bulloides closely follow paleotemperature variations
(figure). The size oscillations show a significant
overall correlation (r=0.65) with paleotemperature
curves based on coiling ratios of the planktonic spe-
cies Neogloboquadrina pachyderma and factor analysis
of entire planktonic foraminiferal assemblages
(figure). Three major climatic coolings are marked
by large average mean sizes (between about 280 and
315 microns), and four major warming episodes are
reflected by small mean sizes (between about 235
and 280 microns).

Coiling direction of G. bulloides does not show
any relationship to the paleotemperature curves
despite relationships exhibited between tempera-
ture and coiling direction in surface sediments.

In Recent assemblages a correlation also exists
between test size and percentages of G. bulloides,
with highest frequencies generally being found in
southern subantarctic waters. It is therefore pos-
sible that water temperature itself is not the primary
factor controlling test size, but that largest growth
occurs in the optimum environmental conditions
for this species (as indicated by highest frequen-
cies). The observed correlation between test size
and water temperature may thus be a secondary
consequence of the relationship between water
temperature and percentages of G. bulloides in the
area of study. Agreement between optimum adap-
tation and optimum growth environments in G.
bulloides would be in accordance with a general
model for the growth of planktonic foraminifera
proposed by Hecht (1976).

We thank Douglas Williams for allowing us to use
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Variation in mean test size
of Globigerina bulloldes in
USNS Eltanin core 48-22A
(39.90°S. 85.41°E.) from
the southern Indian Ocean
(close to the Subtropical
Convergence) compared to
paleotemperature curves
derived from coiling ratios
of	Neogloboquadrina
pachyderma and factor
analysis of total planktonic
foraminiferal assemblages
(from Williams, in press).
Size curve is significantly
correlated (r=0.65) with
paleotemperature curves.
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his oxygen isotope data and coiling directions of
N. pachyderma from core 48-22A. This research was
supported by National Science Foundation grant
DPP 75-15511.
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We have continued our studies of surface ultra-
structure and morphology of Hannaites (Mandra

*Illustrations are stereograms. All stereograms have one
specimen at 0° and the second at 8° tilt, except figures 9a and
9b, which were 34° and 42° tilt. In all cases the accelerating
voltage was 25 kilovolts. Bar scales = 10 microns.

et al., 1975). In this paper the following are illus-
trated and described for the first time: three- and
five-sided Hannaites (figures 1, 5, and 6*) and gross
morphology of new four-sided specimens (figures
2, 3, and 4). Also, a correlation is presented between
some morphologic terms of earlier workers and our
current terms for surface morphology and ultra-
structural detail (figures 7, 8, and 9) as described
in 1975.

The three levels of morphology reported in 1975
for the four-sided Hannaites are also present in the
three- and five-sided Hannaites. It now appears that
these three levels of morphology are present in
many, but not all, silicoflagellates of other genera.
Similarly, three- and five-sided forms also have:
surface morphology with reticulations and "flow
lines" (figure 8) and ultrastructural morphology
with nanodivides, nanopeaks, and nanovalleys
(figures 7, 8, and 9).

The gross morphology of Hannaites includes
three-, four-, and five-sided forms that have a basal
ring and an apical bridge system comparable to the
apical system and basal ring of the genus Dictyocha.
However, the protuberances (swellings) of Hannai-
tes distinguish it from Dictyocha. Our prior papers
on Hannaites report the protuberances only at the
corners of specimens. Here we illustrate (figure 2)
a specimen having protuberances not only at each
of the four corners but also in the middle of three
sides of the four-sided basal ring. These midside
protuberances are at three of the four apical
bridge-to-basal-ring intersections. Therefore, this
four-sided Hannaites has seven protuberances.

In most specimens two tubes radiate from each
corner protuberance, either in or nearly in the
plane of the basal ring. These two corner radiat-
ing tubes are oriented about 45° to 900 to each
other. There are exceptions, one of which is a speci-
men with one corner protuberance having three
radiating tubes (figure 3). Protuberances on the
sides have three radiating tubes because they join
the basal ring to the apical system. In plan view
(figure 2), these tubes are usually oriented at about
00, 90°, 180°. The apical tube is always inclined
to the plane of the basal ring. Usually two tubes
radiate from an area close to the equatorial (basal
ring) plane of the protuberances. However, some
protuberances with three radiating tubes have
tubes almost tangential to the sphere-like swelling
(figure 2, left central protuberance).

Figure 4 illustrates a four-sided Hannaites with
basal ring tubes that do not meet at one corner. In
stereo one sees that these tubes are displaced from
each other normal to the page. The terminal parts
of these two tubes have small, clublike swellings at
the corner region, and the two tubes apparently just
miss forming a corner protuberance. The adjacent
corner protuberance to the right has clear-cut lobes
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