
semblages will provide a broad view of the prevailing pal-
eoclimatic conditions.

The Cretaceous cryptogam (ferns and lower plants) spores of
Seymour Island (Askin in preparation) include an overwhelm-
ing abundance of Stereisporites antiquasporites and
Laevigatosporites ovatus. These two species, plus fewer numbers
of S. regiuln, usually total over 75 percent of the spore compo-
nent. The abundance of Stereisporites (the spores of Sphagnum
moss), along with some Azolla sp. (water fern), suggests moist
conditions with ample standing water, consistent with humid
temperate paleoclimates indicated both by the palynomorph
assemblages (dominated by podocarpaceous conifer pollen)
and by other lines of evidence (e.g., fossil wood; Francis 1986).
Alternatively, hydrodynamic properties of the small Ste-
reisporites and Laevigatosporites spores may have contributed to
their concentration. Analysis of all the acid-insoluble organic
components of the sediments (palynomorphs, plus cuticle,
amorphous and algal matter, and woody debris) should help

answer such questions, by providing inferred data on proximity
to shoreline, higher vs. lower energy environments, and so on.

I thank F.C. Barbis and T.R. Kelley for 1986-1987 collection of
samples, and the Captain and crew of USCGC Glacier for logistic
support. This research is supported by National Science Foun-
dation grant DPP 83-14186.
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A study of the internal annual growth
lines of the Late Eocene mollusk

Eurhomalea antarctica
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Purdue University

West Lafayette, Indiana 47907

During the last decade, much work has been done using the
internal growth increments annually recorded in bivalve shells.
These growth increments are believed to record the slowing
down or cessation of growth of the bivalve during the cold
winter months (Panella and MacClintock 1968). These growth
lines are analogous to tree rings and are very useful environ-
mental indicators. They record the ambient seawater tem-
peratures (Urey et al. 1951) as well as the geochemical history of
the seawater in which the bivalve lived (Eisma, Mook, and Das
1976). In this study, the internal annual growth lines of two Late
Eocene antarctic mollusks (Eurhomalea antarctica and E. newtoni)
from Seymour Island (64.5°S) were compared to the growth
lines from a Recent Eurhomalea species (E. lenticularis) from two
South American localities, Chile at 34.5°S and Patagonia at 55°S.

No significant difference can be seen between the growth
increment patterns of the Chilean and Patagonian specimens.
These individuals of Eurhomalea show a long period of growth
broken by thin annual increments. It is believed that this pattern
reflects fast growth during most of the year and slow growth
during the winter months (figure).

Eocene shells from Seymour Island show a different type of
growth increment pattern: an extremely short period of growth
followed by a thick winter line.

In most cases, temperature regime is considered to be the
primary cause of growth increment patterns in bivalves. In this
case it does not appear that the temperature regime dictated the
growth increment patterns. This is because O temperature

profiles from the planktonic forams in the oceans surrounding
Antarctica (Kennett 1977) show that the sea-surface tem-
peratures in the southern oceans during the Late Eocene were
not significantly different from the sea-surface temperatures off
the coast of Chile today.

It is believed that the difference in patterns is due to low levels
of plankton productivity in the winter months at the high lati-
tudes when the daily levels of sunlight are not high enough to
maintain significant photosynthetic levels. In a recent study,
Tilzer and Dubinsky (1987) found that respiration rates in phy-
toplankton are temperature-dependent, with respiration rates
decreasing with temperature. Plants lose carbon during respira-
tion so the mass balance of the population is controlled by the
respiration rate. The phytoplankton are therefore able to main-
tain a positive mass balance during the long antarctic winter
because they are able to conserve carbon and stored energy at
such low temperatures. If the temperature was raised even a
few degrees, then the respiration rates increased enough that it
was impossible for the phytoplankton to maintain this positive
mass balance.

During the Late Eocene, the average surface seawater tem-
peratures in the southern oceans were approximately 9° to 12°C
higher than they are today (Kennett 1977). According to Tilzer
and Dubinsky (1987), the phytoplankton population would
have been greatly reduced during the winter months. There-

Thin section of Eurhomalea lenticularis from central Chile, 34.5°S.
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fore, organisms that depended on algae as a principal nutrient
source, such as bivalves, would have been adversely affected.

It is therefore being proposed that E. antarctica shows that its
growth was restricted, due not to the environmental tem-
perature regime, but to the fact that its growing season would
have been very short compared to that at lower latitudes. In this
case, bivalve growth patterns could be very useful as pal-
colatitude indicators.

This research was supported by National Science Foundation
grant DPP 84-16783.
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Ontogenetic morphometrics of some
Upper Cretaceous foraminifera from

the southern high latitudes
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Several factors have impeded efforts toward improving the
Upper Cretaceous planktonic foraminiferal biostratigraphy of
the southern high latitudes: (1) rarity of thermophilic taxa used
in the standard zonal schemes, (2) apparently slow evolution-
ary rates, and (3) high morphologic variability of several indige-
nous planktonic species. The latter factor has caused consider-
able taxonomic confusion in studies of Upper Cretaceous
globigerine foraminifera from Deep Sea Drilling Project hole
511 (Falkland Plateau) and Seymour Island (Antarctic Penin-
sula). Specimens from these localities, which were previously
classified as Rucoglobiçerina rugosa (Plummer), R. pilula Belford,
R. pustulata Bro;dinnimann, R. rotundata Bro;dinnimann, and
Hedbergella montnouthensis (Olsson) by Sliter (1976), Krashenin-
nikov and Basov (1983) and Huber, Harwood, and Webb (1983),
show considerable intraspecific morphologic overlap, and they
differ significantly from the original type descriptions (Huber in
press). The proper taxonomic designation of these mor-
photypes is important because they dominate the antarctic and
Falkland Plateau planktonic foraminiferal assemblages. Their
original taxonomic assignments were based only on external
characteristics of the foraminiferal shells, without regard to the
ontogenetic features preserved within. To achieve taxonomic
stability within this group, it became apparent that more de-
tailed morphologic information was needed.

New methods were used to observe the developmental on-
togeny of the Falkland Plateau and Seymour Island specimens
and compare them with topotypes of the species listed. One
procedure involves a series of test dissections and observations
under the scanning electron microscope using techniques sim-

ilar to those described by Huang (1981). Removal of the ventral
chamber walls was achieved through the use of a very finely
ground needle mounted on a Sensaur micromanipulator, which
enables precisely controlled movement in all three dimensions.
Examination of the internal morphology using this method
reveals valuable information on the ontogenetic changes in (1)
wall surface ornament and porosity, (2) apertural position, (3)
chamber size, and (4) number of chambers per whorl (figure 1,
items 1, 3, 4, 5, and 6; figure 2, items 1, 3, 4, 5, 6, and 7).

High resolution X-radiograph images of planktonic for-
aminifera were produced by adapting techniques described by
Arnold (1982) (figure 1, item 2; figure 2, item 2). Equatorial views
of the X-ray 1 x images were analyzed using morphometrics
software in conjunction with a Leitz orthoplan microscope, a
digitizing tablet, and a microcomputer. The chosen parameters
include presence/absence and numerical attributes as well as
linear and areal measurements which characterize the on-
togenetic morphological changes. Internal morphologic charac-
teristics considered as taxonomically useful include: (1) number
of chambers in the penultimate whorl, (2) ontogenetic changes
in the cross-sectional chamber area and shape, (3) position of
the generating curve, and (4) ratio of the penultimate and ante-
penultimate chamber areas. The advantage of using this meth-
od is that data can be generated rapidly from large foraminiferal
populations, and it can easily be analyzed statistically.

Results of this study indicate that the upper Campanian!
Maastrichtian specimens from the Falkland Plateau and
Seymour Island, which were previously included in Hedbergella
and Rugoglobigerina, are growth morphovariants of a single,
new, high-latitude rugoglobigerinid species whose distribution
is probably restricted to the southern high-latitude austral
province. Specimens which were previously identified as Hed-
bergella mon;nouthensis at these high latitudes are now consid-
ered as juvenile and kummerform adult forms of the new
rugoglobigerinid species. The gerontic morphotypes of this
taxon, formerly considered as Rugoglobigerina pilula, R. rugosa,
R. pustulata, and R. rotundata, show substantial variability in
maximum test diameter, cross-sectional area ratio of the ulti-
mate and penultimate chambers, and position of the generating
curve. They differ from typical species of Rugog!ohigerina in that
surface ornamentation is predominantly composed of ran-
domly arranged pustules, with only rare occurrence of mend-
ionally aligned costellae. Kummerform chambers occur in mod-
erate frequency and umbilical cover plates (tegilla) are rare.
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