
foraminifera. Beginning in the middle Eocene (site 512), pal-
eotemperatures derived from oxygen isotopes fluctuated in a
narrow temperature range between 8°C and 12°C (figure) with
no appreciable difference between bottom- and surface-water
temperatures. For the late Eocene and earliest Oligocene of site
511, isotopic paleotemperatures from both planktonic and
benthic foraminifers indicate relatively warm temperatures sim-
ilar to those in the middle Eocene of site 512 (figure). From core
18-1 through core 17-1, latest Eocene surface- and bottom-water
temperatures dropped from about 12.5°C to 8°C (figure). Be-
tween cores 16-1 and 12-1, early Oligocene surface-water iso-
topic temperatures remained at about 11°C, but bottom-water
temperatures at the site dropped sharply from 11°C to less than
3°C, at least an 8°C temperature difference (figure). The drastic
drop in bottom-water temperatures probably reflects the initial
development of the present-day system of bottom waters
known as the psychrosphere (Kennett and Shackleton 1976).
The largest change in bottom-water temperature values oc-
curred within the early Oligocene rather than across the
Eocene/Oligocene boundary as suggested by Keigwin (1980).
An expansion in the antarctic water mass could perhaps explain
the sharp drop and divergence of bottom- and surface-water
temperatures at site 511. The isotopic records at sites 511 and 512
can be correlated with the foraminiferal and radiolarian data
which also suggest a cooling of surface- and bottom-waters at
site 511 and 512 (Basov and Krasheninnikov in press;
Krasheninnikov and Basov in press; Weaver in press).

This research was supported by National Science Foundation
grants DPP 80-23696 to Douglas F Williams and DPP 80-20382 to
Sherwood W. Wise, Jr. The three authors did the field work for
this study in 1981.
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Diachronous niche expansion and
morphological adaptation by

Globorotalia truncatulinoides in Late
Quaternary sediments

R. BAXTER PHARR, JR., DOUGLAS F WILLIAMS, and NANCY
HEALY-WILLIAMS

Department of Geology
University of South Carolina

Columbia, South Carolina 29208

G. truncatulinoides is a rather unique planktonic foraminiferal
species. It originally evolved in tropical-warm subtropical wa-
ters from its ancestor, Globorotalia tosaensis (Takayanagi and
Saito) near the Plio-Pleistocene boundary. Over a million years

later, G. truncatulino ides diachronously expanded its bio-
geographic range into subantarctic and antarctic waters at ap-
proximately 0.5 to 0.2 million years ago, respectively (figure 1)
(Kennett 1970; Vella and Watkins 1975; Williams 1976a). Appar-
ently, the southern boundary of G. truncatulinoides' pal-
eobiogeographic range prior to isotope stage 13 (approximately
0.5 million years ago) was restricted by the subtropical con-
vergence (5TC), a major water mass boundary between sub-
tropical and subantarctic regions and a potential barrier pre-
venting the dispersal of peripheral populations. Determining
how and why this expansion occurred has important implica-
tions for biostratigraphy as well as the paleobiology of for-
aminifera. In addition, documentation of an environmentally
controlled morphological trend in Globorotalia truncatulinoides
(Healy-Williams and Williams 1981; Kennett 1968; Takayanagi,
Niitsuma, and Sakai 1968) has led to interest in determining the
establishment of this trend in the fossil record. The present
study attempts to determine, using Fourier shape analysis
(Ehrlich and Weinberg 1970; Scott 1974, 1975), whether a specif-
ic morphotype or morphological adaptation within this species
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Figure 1. A schematic representation of migrational history and
expansion of G. truncatulinoides' southernmost range boundary
during the Quaternary period as a function of the glacial-interglacial
climatic history of the southern ocean. The southernmost extent of
its paleobiogeographic range was constructed from bio-
stratigraphic range charts from Kennett (1970, 1973, 1975), Vella and
Watkins (1975), Williams (1976a) and from personal sampling of
USNS Eltanin cores E48-28, E48-03 and E49-18 (table). The STC and
PF designate the approximate present-day positions of the sub-
tropical convergence zone and Polar Front Zone, respectively. The
nine cores used in this construction are USNS Eltanin cores E48-28,
E48-03, E49-18 (table), E49-51 (39 000'S 99057'E), E21-14 (49001'S
120004'W), E21-15 (52001'S 120°03'W), E20-14 (53°41'S 102056'W),
E21-16 (54°05'S 119 057'W), DSDP site 265 (53032'S 109057'E) and
DSPD site 207 (36058'S 165026'E). The glacial/interglacial isotope
stages (right axis) and their approximate timing in million years
before present (M.Y.B.P.) (left axis) are taken from Emiliani (1981).

accompanied its niche expansion into higher latitudes. (Cores
used in this study were taken in the 1960s.).

Fourier shape analysis was performed on specimens of G.
truncatulinoides from glacial and interglacial samples over the
last 430,000 years distributed in deep-sea cores located in south-
ern subtropical, subtropical convergence, and central suban-
tarctic regions of the southeast Indian Ocean (table). Bio-
stratigraphic horizons for E48-28 and E48-03 were obtained
from faunal and paleotemperature curves (Williams 1976a,
1976b) and in E49-18 from oxygen isotopic stratigraphy (Hayes,
Imbrie, and Shackleton 1976). Specimens from 20 samples con-
taining an average of 50 specimens per sample were automat-
ically digitized in axial view with a microprocessor-controlled
image analysis system. The digitized outline was used to calcu-
late the first 24 harmonic amplitudes and phase angles of the
closed form Fourier series according to Ehrlich and Weinberg
(1970) and Full and Ehrlich (1982). The second harmonic ampli-
tude is a direct approximation of specimen elongation (Healy-
Williams in press). Maximum entropy histograms (Full, Ehrlich,
and Kennedy in press) show the number of specimens within
various ranges of elongation in glacial and interglacial maxima
over the last 400,000 years (figure 2).

Although G. truncatulinoides occurs 430,000 years ago at sub-
antarctic site E49-18, this species is only present during the
warm interglacial stages 11, 9, 7, and 5. Test elongation is evenly
distributed at the time of its earliest appearances in stages 11
and 9. Approximately 230,000 years ago (stage 7), mean har-
monic 2 amplitude values become more positive, indicating

slightly more elongated individuals. In the core located at the
southern boundary of the STC (core E48-03, 41°S), the initial
morphological characteristics of this species are similar to those
observed in the central subantarctic (E49-18) (figure 2). The
specimens present during intergiacials 11 and 9 exhibit more
conical tests, typical of specimens found north of this region
today (Healy-Williams and Williams 1981). By isotope stage 8,
however (approximately 275,000 years ago), the shape frequen-
cy distributions shift toward more elongated individuals and,
by isotope stage 6, begin to exhibit glacial/interglacial shifts in
the mean harmonic amplitude values similar to those observed
in other late Quaternary cores (Healy-Williams in press). Be-
neath southern subtropical waters (E48-28), frequency distribu-
tions are evenly distributed during isotope stage 10 and exhibit
little or no systematic variation up until isotope stage 7, after
which large systematic shifts occur toward very elongated spec-
imens during glacial intervals (figure 2).

From both these latitudinal and temporal shape frequency
distributions, we can determine that a less elongate, slightly
more conical morphotype was the founding morphotype which
originally expanded into subantarctic waters. Within 200,000
years, the original conical morphotype developed into the elon-
gated morphotype which typifies the subantarctic today. Once
the elongate morphotypes were established in the subantarctic
by approximately 230,000 years ago (stage 7), the next pal-
eobiogeographic range expansion into antarctic waters at 0.20
million years ago (figure 1) was possible. Perhaps the evolution-
ary attainment of an optimum subantarctic morphotype permit-
ted the further expansion of this species' paleobiogeographic
range. These findings also imply that the most common mor-
photypes within a colonizing population are not necessarily the
morphotypes which ultimately dominate the peripheral areas of
a species' biogeographic range.

This research was conducted with partial funds from Na-
tional Science Foundation grants DPP 80-23696 OCE 81-10167 and
OCE 82-08911, and the authors gratefully acknowledge the Na-
tional Science Foundation for its financial support. We thank
Donna Black for typing the manuscript.

References

Emiliani, C. 1981. Pleistocene oxygen isotope stratigraphy. In C. Emi-
liani (Ed.), The sea, Vol. 8. New York: John Wiley and Sons.

Ehrlich, R., and B. Weinberg. 1970. An exact method of characterization

Location of USNS Eltanin piston cores and stratigraphic intervals
used to study the morphological adaptation of Globorotalia trun-

catulinoides

Sediment Water depth	Latitude	Longitude
core	(in meters)	(°S)	(CE)	Isotope stages"

E48-28	3,173	38033'	79'55'	1,2,5,6,7,8,9,10

E48-03	3,868	 10001'	1,2,5,6,7,8,9,11

E49-18	3,256	4603'	9009'	5,7,9,11

a Oxygen isotopic stages after convention whereby even numbers denote
glacial intervals and odd numbers denote interglacial intervals (Emiliani
1981).
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Figure 2. Shape frequency distributions for elongation (harmonic 2) from USNS Eltanin cores E48-28, E48-03 and E49-18 as compared to the
composite late Quaternary oxygen isotopic curve from Emiiiani (1981). Numbers to the left of the vertical axis designate thousands of years
before present (K.Y.B.P.) whereas numbers just to the right of the vertical axis designate the glacial/interglacial oxygen isotopic stages. The
vertical axis for each histogram indicates the number of specimens within a sample whereas the horizontal axis designates the amplitude of
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values indicate increased specimen elongation (Healy-Williams and Williams 1981).
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