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Figure 2. Map of the far South Atlantic showing the Agulhas magnetic bight, and the Maud Rise magnetic bight. The 4,000-meter contour Is
shown as a thin line. Known spreading centers are indicated by hatched lines. Short, medium-weight lines are "identified" magnetic anomalies.
Long, medium-weight lines or long dashed lines are lineations taken from SEASAT-derived geoid maps presumably representing approximate
locations of fracture zones. Heavy-weight lines indicate magnetic anomalies formed at the ridge-ridge-ridge triple junction. Anomaly numbers
with question marks were predicted anomaly locations based on our model. Dashed line with triangles indicates the subduction zone along the
South Sandwich Trench. Shaded areas show ridge jump components. Box indicates location of figure 3. ("MR" denotes "Maud Rise:' "AP"
denotes "Agulhas Plateau:' "FAFZ" denotes "Falkland-Agulhas fracture zone:')
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In a continuing effort to understand more fully the pal-
eoecology of high-latitude planktonic foraminifera (Healy-
Williams, Williams, and Ehrlich 1983; Pharr, Williams, and
Healy-Williams 1983), a detailed morphometric and isotopic
study was conducted on populations of Globorotalia trun-
catulinoides from core-top samples from the southern Indian

Ocean. Recently new techniques have been developed for de
scribing precisely the shape outline of microfossils. Use of thes
quantitative methods and automated digitizing instrument
makes it possible to produce rapidly the data necessary to tes
hypotheses concerning the paleobiology and paleoecology o
microfossils.

The results of this study demonstrate for the first time that th
assumption of unimodality in population structure may lead t
an oversimplified understanding of the changes in fo -
aminiferal populations through time and space (i.e., latitudin 1
changes in distributions and vertical changes in the water co -
umn). For example, the population structure of G. tru -
catulinoides in the southern Indian Ocean is bimodal to pol -
modal, reflecting the existence of three subpopulations. Eadh
subpopulation has a particular shape and isotopic character.
Each subpopulation or morphotype occupies a distinct niche
within the water column, and the predominance of each mor-
photype varies with latitude as the physiochemical parameters
of the water column change with latitude and water-mass prop-
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erties. In addition to the above, the results have implications for
isotope paleoceanography in general, because significant (0.5 to
1.0 parts per thousand) differences in oxygen-18/oxygen-16 and
carbon-13/carbon-12 of the different morphotypes may influ-
ence interpretations of isotopic changes through time if the
population structure for the particular species being analyzed
changes through time.
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Iigure 1. Ternary diagrams of end member proportions for (top)
tarmonic 2 (conicalness) and (bottom) harmonic 3 (elongateness)

recent Globorotalia truncatulinoides from the southern Indian
cean. ("EM" denotes "end member:')

To determine the above conclusions, Fourier series analysis
(Scott 1980; Healy-Williams 1983) of G. truncatulinoides spec-
imens from 23 core top samples, mostly from the USNS Eltanin
collection, were used to determine change in shape charac-
teristics with latitude. Maximum entropy analysis of the har-
monic amplitude spectra (Full, Ehrlich, and Kennedy 1984)

showed that harmonics 2 and 3 (elongateness and conicalness,
respectively) contained the most information and could be used
to define end members in the populations (figure 1, top). Tern-
ary diagrams of end member proportions for each harmonic as
determined by extended Q-model (Full, Ehrlich, and Kiovan
1981) show that for harmonic 2, samples consist essentially of
binary mixtures of two end members: mixtures of end members
2 and 3 occur in samples below 31°S and mixtures of end
members 1 and 3 occur above 31°S (figure 1). For harmonic 3
proportions, a more complex population structure is revealed
(figure 1, bottom). Samples above 31°S appear to be a mixture of
end members 1 and 3 while those below 40°S are a mixture of
end members 2 and 3. Samples between 31°S and 40°S (which
includes the Subtropical Convergence) are also binary mixtures
of 1 and 3 or 2 and 3 but do not show a latitudinal preference.
Scanning electron microscopy of specimens of the three end
members reveals that highly conical forms dominate the sub-
tropical region. In the subantarctic region, specimens are more
compressed and elongated. The shape of specimens between
40°S and 35°S appear to be "intermediates," (i.e., elongate-like
subantarctic forms and conical-like subtropical forms). The in-
termediate specimens dominate in the subtropical convergence
region.

10'N	20'	30'	40'	50	60'N

10'N	15'	20'	250	30'	35	400	45	50'N
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Figure 2. Depth stratification (vertical bars) of Globorotalia trun-
catuilnoides plotted onto the distribution of the major core layers
(upper portion) and temperature gradients (lower portion) for the
southern Indian Ocean. The hatched area indicates the depth zone
of 8 to 12 micrograms per liter of nitrate/nitrogen (Wyrtki 1971). ("m"
denotes "meter:')

A comparison of the oxygen isotopic composition of G. trun-
catulinoides and the hydrographic properties of the water col-
umn at the sample locations reveals that G. truncatulinoides
appears to move upward in the water column from subtropical
into subantarctic waters possibly following the oxygen max-
imum layer and the 26.6isopycnal (figure 2). The upward
movement of G. truncatulinoides in the water column also sug-

M2

200

8

400

UJ

cc 600

800

1000

100
x
Q.	200

300
'U

M2	400

500

1985 REVIEW	 91



gests that the species may be distributing vertically in rela-
tionship to the nitracline in the southern Indian Ocean which
can be considered to reflect the deep chlorophyll maximum
(Herbland and Voituriez 1979).
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Figure 3. Oxygen isotopic (top) and carbon isotopic values (bottom)
for the highly conical and compressed morphotypes of Globorotalia
truncatulinoides separately analyzed from within the same sample
and the same size fraction. In all cases, highly conical morphotypes
are more depleted in oxygen-18 and carbon-13. ( "hPDB" denotes
"isotopic oxygen-18 pee dee Belemnite.")

Isotopic analyses of highly conical and compressed mor-
photypes (figure 3) show that morphotypes from the same
sample have different isotopic signatures. Highly conical mor-
photypes are more depleted in oxygen-18 and carbon-13 than
the compressed forms. The isotopic and morphometric results
therefore indicate the existence of three morphotypes in the
southern Indian Ocean and that the morphotypes occupy dif-
ferent niches within the same water column.

The exact reasons why these subpopulations developed is not
known at this time. We suspect that the recent expansion of this
species into the subantarctic (Kennett 1970; Pharr, Williams,
and Healy-Williams 1983) may play a role. This and related
questions are the subject of continuing investigations in our
laboratory.

This work was supported by National Science Foundation
grants DPP 83-11097 and OCE 82-08911. We thank Dennis Cas-
sidy for his curation of the Antarctic Core Storage Facility at
Florida State University.
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