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Neogloboquadrina pachderma (Ehrenberg) has long been one of
the most important foraminiferal species in paleoceanographic
studies of Quaternary and late Cenozoic marine sediments.
Numerous studies of this species have documented that coiling
direction and chamber number in the final whorl (4, 4 1/2, 5) have
important relationships with high latitude water mass proper-
ties (e.g., Ericson 1959; Herb 1968; Kennett 1968; Malmgren and
Kennett 1972; Vella 1974). However, this variability also poses a
problem in the taxonomy of the species.

In an attempt to quantify this morphologic variability objec-
tively, we performed Fourier shape analysis on N. pachydertna.
Fourier shape analysis, via Fourier series in closed form, is a

Figure 1. Core locations of USNS Eltanin core top sample used in the study.

Figure 2. Scanning electron microscope photomicrographs of N. pachyderma representing the general shape described by harmonics 3 (3a—e);
4(4a—d); 5(5a—e) and 6(6a—f). Specimens 3a—e: E49-46, 44°S; Specimens 4a—d: E49-42, 47S; Specimens 5a—e: E49-46, 44°S; Specimens 6a—f:
E50-03, 42°S. ('E" and the numbers that follow indicate core sample numbers of sediment cores obtained by USNS Eltanin.)
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mathematical expression of cosines used to describe the shape
of any two-dimensional shape outline to a specified accuracy.
We use Fourier series as a quantitative biometric tool that
characterizes shape and separates the components of the whole
form and thus enables us to see how each component (harmon-
ic) affects the total shape (Healy-Williams and Williams 1981;
Scott 1980).

In our study, as in previous studies (Bandy 1972; Ingle 1973;
Kennett 1968; Malmgren and Kennett 1972) both sinistral and
dextral forms with 4, 4 1/2, and 5 chambers in the final whorl were
regarded as phenotypic variations of the same species. We
analyzed approximately 70 N. pachyderma per sample from 15
USNS Eltanin core top samples (more than 1000 total) located in
the southern Indian Ocean (38°S to 53°S) (figure 1). All spec-
imens were removed from split portions of a 125 microme-
ter-180 micrometer size fraction. The purpose of our study was
twofold: (1) to test the ability of Fourier series to delineate the
major morphotypes of N. pachyderma and (2) to quantify these
morphotypes and relate them, if possible, to hydrographic pa-
rameters of the overlying water masses. Fourier analysis was
able to determine precisely that four harmonics are required to
describe the shape variability in N. pachyderma and that the
significant shape components are related to the chamber ar-
rangements (figure 2). As shown in figure 2, specimens with
high harmonic 3 values tend to be four-chambered but with a
triangular shape usually resulting from an inflated final cham-
ber. Typical quadrate specimens have high harmonic 4 values.
With increasing shape complexity, the higher order harmonics,
5 and 6, are able to resolve the specimens which have 4 1/2 and 41/2
to 5 chambers, respectively (figure 2).

The preliminary results of this study indicate that the inter-
gration of several shape components is required to understand
fully the morphological changes in N. pachyderma and the rela-
tionship between the different forms. A linear correlation analy-
sis (table) indicates that the shapes defined by harmonics 3 and
4 are not related to environmental parameters. However, har-
monics 5 and 6 both have good correlations with the hydro-
graphic parameters, indicating that the change to 4 1/2 to 5 cham-
bers may be an ecophenotypic response. We believe that by
quantifying these shape components it will be possible to en-
hance the utilization of N. pachyderma in paleoenvironmental
studies of southern ocean sediments.

This research was supported by National Science Foundation
grants OCE 81-10167 and DPI' 80-23696.

Results of linear correlation analysis of mean Fourier harmonic
values versus coiling direction and hydrographic parameters of the

study area

Coiling	Temperature	Salinity at	Dissolved
(percent	°C at	0 meters parts oxygen milli-

Harmonic	sinistral)	0 meters	per thousand liters per liter

3	-0.52	+0.44	+0.49	-0,44

4	+0.01	+0.10	-0.04	+0.04

5	-0.72	+0.68	+0.61	-0.57

6	-0.74	+0.72	+0.59	-0.58

a Level of significance c = 0.01

References

Bandy, 0. L. 1972. Neogene planktonic foraminiferal zones, California
and some geologic implications. Paleogeography, Paleoclimatology, Paleo-
ecology, 12, 131-142.

Ericson, D. B. 1959. Coiling direction of Globigerina pachyderma as a
climatic index. Science, 130(3369), 219-220.

Healy-Williams, N., and Williams, D. F. 1981. Fourier analysis of test
shape of planktonic foraminifera. Nature, 289, 485-487.

Herb, R. 1968. Recent planktonic foraminifera from sediments of the
Drake Passage, Southern Ocean. Ecologae Geologicae Helvetiae, 6,
467-480.

Ingle, J . C., Jr. 1973. Summary comments of Neogene biostratigraphy in
the marginal northeastern Pacific Ocean. In L. D. Ruim, R. von
Huene, et al. (Eds.), initial Reports of the Deep Sea Drilling Project, Vol.
48. Washington, D.C.: U.S. Government Printing Office.

Kennett, J. P. 1968. Latitudinal variation in Glohigerina pachyderma
(Ehrenberg) in surface sediments of the southeast Pacific Ocean.
Micropaleontology, 14, 305-318.

Malmgren, B. A., and Kennett, J. P. 1972. Biometric analysis of phe-
notypic variation: Glohigerina pachyderna (Ehrenberg) in the South
Pacific Ocean. Marine Micropaleontology, 1, 3-25.

Scott, G. H. 1980. The value of outline processing in the biometry and
systematics of fossils. Paleontology, 23(4), 757-768.

Vella, P. 1974. Coiling ratios of Neogloboquadrina pachyderma (Ehrenberg):
Variations in different size fractions. Geological Society of America Bul-
letin, 85, 1421-1424.

140	 ANTARCTIC JOURNAL




