data of Krey et al. (7) for the same
reference date (**'Pu t;, = 14.4 years).
Between 16 and 39 cm (~ 1967 to 1950)
in the McNary Reservoir core the mean
241py 240py ratio, corrected to 1 January
1971, is 0.049 = 0.010; this value indi-
cates no significant reactor contribution
of either isotope. However, between 0
and 15 cm, the mean >*'Pu/**°Pu ratio is
significantly higher than 0.049. We be-
lieve that these surficial sediments re-
flect the input of 2*'Pu, principally from
aboveground tests conducted by the
People’s Republic of China, whose first
thermonuclear device was detonated in
June 1967 (11). That this perturbation in
the 2*'Pu/?*’Pu ratio is not evidenced in
the Ice Harbor core we attribute to the
provenance of the material accumulating
there (12).

Low 2*Pu/**Pu ratios were observed
in the deepest sections of our McNary
Reservoir core, which correspond in
time to the early atmospheric tests of the
1950’s. We believe that these ratios re-
flect a high 2**Pu reactor contribution
relative to fallout at that time.
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Fossil Molluscan Larvae: A New Biostratigraphic Tool

Abstract., Fossil molluscan larvae are less facies dependent and have a wider
geographic range than their adult counterparts. They are also easily recovered from
cores and small samples. With proper documentation, the study of fossil larvae can
considerably enhance the biostratigraphic potential of macrofossils.

A good biostratigraphic guide fossil
should be geologically short-lived, geo-
graphically widespread, and present in a
wide variety of sedimentary types. Be-
cause of their free-floating life habit,
pelagic microfossils, such as foraminif-
era and coccolithophorids, generally
meet these requirements and make good
biostratigraphic indices. They are also
small and easily recovered from cores
and well cuttings. Most macrofossils, on
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Fig. 1. Rarefaction curves for adult and larval
molluscs from two samples in Eocene sedi-
ments of Texas. There are more larval than
adult species for similar sample sizes.

the other hand, live in or on the substrate
which restricts them to particular sedi-
mentary facies. However, many macro-
fossils, such as molluscs, have planktic
larval stages that last several weeks or
even months. The larvae are in the same
size range as planktic foraminifera (mak-
ing them easily recoverable in small sam-
ples) and are often distributed over a
considerably larger area than the adults
(I, 2). The larval shells of molluscs are
often preserved in the fossil record (3-6),
and their recognition and use may help
overcome some of the drawbacks of the
use of macrofossils in biostratigraphy.

Samples taken from Eocene sediments
of the Gulf Coast, in environments rang-
ing from open marine to brackish estua-
rine, were analyzed for adult and larval
molluscan shells. In general, the diversi-
ties of larval shells are higher than those
of adult specimens both in absolute num-
bers of species per volume of sediment
(as might be expected because of the
small size of larvae) and in numbers of
species among similar numbers of indi-
viduals (Fig. 1). If larval shell distribu-
tions are considered, the known geo-
graphic range and facies independence of
a species can be greatly increased. Also,
because of the diversity among larvae,
they provide more biostratigraphically
useful species than do the adults.

There are several reasons why free,
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0.5 mm

Fig. 2. (A) Protoconch of Buccitriton sa-
genum shown by the scanning electron micro-
scope. (B) A detail of the fifth whorl reveals
the formation of axial ribs before spiral
threads and adult cancellate sculpture.

unmetamorphosed larval shells are not
studied. They are small (usually from 60
to around 300 pm in diameter), and mac-
roinvertebrate workers generally deal
with animals that are at least 1 mm in
diameter. Microinvertebrate workers, on
the other hand, may not have the taxo-
nomic knowledge required to successful-
ly identify species from several phyla.
Under an optical microscope larval
shells of different species tend to look
similar, mainly because of relatively
poor resolution of these microscopes. In
the scanning electron microscope appar-
ently featureless protoconch whorls can
reveal an enormous amount of sculptural
detail. The ornament is species-specific,
so that even closely related species can
be differentiated by their larval shells
alone. Scanning electron micrographs of
the protoconchs of Buccitriton sagenum
and B. texanum (Figs. 2 and 3) from
upper middle Eocene deposits of the
Gulf Coast show some distinguishing
characteristics. Buccitriton texanum has
a spiral thread on the shoulder of the
fourth and fifth whorl that starts before
or at the same time as the first axial rib
(Fig. 3B). The number of spiral threads
increases as the individual grows, and
the ribs and spiral threads gradually be-
come more pronounced until they form a
cancellate pattern in the adult stage. In

1 mm

0.25 mm

Fig. 3. (A) Protoconch of Buccitriton texanum
shown by the scanning electron microscope.
(B) A detail of the shoulder of the fourth
whorl reveals the formation of a spiral thread
before the first axial rib.

B. sagenum, spiral threads and axial ribs
also form a cancellate pattern in the
adult, but the axial ribs start well in
advance of the spiral threads in the pro-
toconch stage (Fig. 2B). It is not neces-
sary to use the scanning electron micro-
scope for each shell since many struc-
tures seen originally with the scanning

scope may also be seen with light optics.
Well-preserved adult or juvenile speci-
mens commonly have the larval stages
represented by the protoconch at the
apex or umbo of the shell. By document-
ing the protoconch morphology of well-
preserved adult specimens, a catalog of
larval forms can be compiled. Then the
species of a free larval shell may be
identified from the catalog.

In summary, the free larval shells of
molluscs are common in the fossil record
and with proper documentation they can
be reliably identified to species. The
study of fossil molluscan larvae can con-
siderably enhance the biostratigraphic
potential of molluscs by increasing their
known geographic range and facies inde-
pendence.
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Cloned Poliovirus Complementary DNA Is Infectious in

Mammalian Cells

Abstract. A complete, cloned complementary DNA copy of the RNA genome of
poliovirus was constructed in the Pst I site of the bacterial plasmid pBR322. Cultured
mammalian cells transfected with this hybrid plasmid produced infectious poliovirus.
Cells transfected with a plasmid which lacked the first 115 bases of the poliovirus

genome did not produce virus.

Poliovirus is a positive-strand RNA
virus with a genome of one molecule of
single-stranded RNA containing the in-
formation for synthesis of poliovirus pro-
teins (/-5). During infection of mammali-
an cells, the viral RNA is translated into
a single continuous polyprotein of
250,000 molecular weight, which is sub-
sequently cleaved by proteases to form
the functional viral proteins. To better
understand the structure and functions
of the viral genome, complementary
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DNA (cDNA) copies of the viral RNA
were cloned into a bacterial plasmid and
three clones which together represent
the entire RNA were used to determine
the complete 7440-nucleotide sequence
of the poliovirus genome (3).

An important question is whether
these cDNA clones could generate infec-
tious virus in mammalian cells as was
previously shown in bacteria for the
cDNA clones of a bacterial RNA virus
(6). The availability of infectious cloned
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