amorphous SiO, are added to the envelope of
the device to enhance its structural strength;
they comprise 20 to 30 percent of the envelope.
Before we received this information (from E.
Frisch, Dow Corning Company, Midland,
Mich.), we had noted that the envelope gave con-
sistently higher Si counts per second (cps) than
did the contained gel. Typical Si counting rates
were 1480 * 20 cps in the gel and 1520 * 30 cps
in the envelope. We did not feel that this appar-
ent difference in silicon volume was due to pack-

Cretaceous Bivalve Larvae

ing density alone and hypothesized the presence
of another silicon-containing compound to ex-
plain the difference in the Si contribution to for-
mula weight (37.9 percent at 1480 cps compared
to 39.11 percent at 1520 cps).

12. We appreciate the capable assistance of M.
Woodward and S. Guber. Supported by the San
Diego Veterans Administration Hospital Re-
search Service and PHS grant HL 19619.
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Abstract. Exceptionally well preserved larval bivalve shells have been isolated
from Late Cretaceous (Maestrichtian) sediments. Specimens were readily identified
to familial level on the basis of gross morphology and hinge structures. Reconstruc-
tion of fossil larval ontogeny, linked with the distribution of adult stages, will provide
an important interpretative tool in molluskan phylogenetic and paleoecologic stud-

les.

Identification of bivalve larvae has
been the subject of biological research
for over a century (/). Despite the pa-
leontological implications of diagnostic
larval shell characters, studies to date
have dealt almost exclusively with ex-
tant species. Larval shells are small and
fragile, and, in ancient sediments, have
generally been assumed to have been de-
stroyed mechanically or by chemical dis-
solution. In a pathfinding study, LaBar-
bera (2) described the larval and post-
larval development of five species of
‘‘Miocene’’ bivalves (3), but his speci-
mens were obtained from sediment re-
tained on a 500-um diagonal mesh
screen. Accordingly, his descriptions of
larval ontogeny were based pre-
dominantly on prodissoconch character-
istics observed on the surface of ontoge-
netically metamorphosed juveniles;
postmetamorphic growth obscured pri-
mary larval dentition in the majority of
specimens examined. In the present
study, disarticulated Cretaceous larval
bivalve shells have been isolated from
the 125- to 500-um sediment fraction and
identified to familial level on the basis of
gross morphology and hinge structures.

In searching for juvenile fossil mol-
lusks, collections were made at a number
of Late Cretaceous localities exhibiting
unusually good preservation of fossil ma-
terial (4). Bulk samples from the Mon-
mouth Formation (Maestrichtian) near
Brightseat, Maryland (5), were wet-
sieved through a standard Udden-Went-
worth sieve series, and the 125- and 250-
um fractions were examined with a dis-
secting microscope (x50). Larval and
early postmetamorphic bivalve shells
were removed from the sample with a
fine brush (6) and carefully mounted on
copper conducting tape. Specimens were
subsequently coated with gold-palladium
(approximately 200 A thick) in a Polaron
diode sputtering system and examined
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with a scanning electron microscope
(ETEC Autoscan).

Cretaceous larval shells, once isolat-
ed, have proved to be more than ade-
quately well preserved for identification.
The bivalve larval characteristics most
useful in routine plankton identifications
have been shell length, height, and

depth, as well as length of the prodisso-
conch I hinge line (1, 7-9). Rees (10) dis-
cusses at length the usefulness of larval
hinge structures in identification studies
for superfamilial separation. More re-
cently, workers have used both optical
and scanning electron microscopy to de-
scribe in detail the hinge structures of
several bivalves and have suggested that
such structures may be diagnostic at the
generic or even specific level (11, 12).
These diagnostic larval shell characters
have been found to be extremely well
preserved in fossil specimens. For ex-
ample, the Cretaceous larval shell in Fig.
1, A to C, may be placed in the family
Pholadidae on the basis of (i) character-
istic pholadacean larval hinge apparatus
(10, 12); (ii) height approximately equal
to length; (iii) relatively prominent
‘‘knobby’” umbo [in the sense of Chan-
ley and Andrews (7)]; and (iv) broad,
flattened internal shell margin (7, 12).
Other specimens, such as larval mytilids
(Fig. 1D), may be unambiguously identi-
fied at the familial level on the basis of
hinge structure alone (10, 13). Well-pre-

Fig. 1. Scanning electron micrographs. (A) Disarticulated shell valve of a Cretaceous bivalve
larva from the Monmouth Formation near Brightseat, Maryland. Larval dentition, length by
height (195 by 195 um) relation, and umbonal shape are characteristic of the family Pholadidae.
Framboidal pyrite is seen partially filling shell interior (scale, 40 wm). (B) Enlargement of hinge
apparatus of larval valve seen in (A) showing characteristic pholadacean dentition (scale, 20
um). (C) External shell surface of larval pholad seen in (A). Note fine concentric sculpture
(scale, 5 um). (D) Hinge apparatus (provinculum) of a Cretaceous larval mytilid (shell length,
190 um) from the Monmouth Formation (scale, 30 um).
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served external larval shell sculpture,
which appears to be of taxonomic signifi-
cance in certain Recent species @8, 9),
may also be helpful in the study of fossil
forms (Fig. 1C). Detailed examination of
sequential growth series from single lo-
calities or horizons will permit generic or
even specific identification of numerous
larval bivalves (I14) and should be of as-
sistance in phylogenetic studies. The
Late Mesozoic was marked by a spec-
tacular bivalve radiation (I5), and Cre-
taceous growth series will give insight in-
to the ancestral larval morphologies and
hence the relationships between some of
the major families of heterodont eu-
lamellibranchs. In addition, it will be
possible to test Kauffman’s suggestion
(I6) that the vulnerability of certain ben-
thic groups to massive extinction at the
end of the Late Cretaceous may be
traced to their planktotrophic larval
stages. Nonplanktotrophic groups (I7)
might be expected to be relatively unaf-
fected by the Cretaceous-Tertiary
boundary -event.

Kauffman (/8) and Scheltema (19)
have stressed the significant role that pe-
lagic dispersal must have played in shap-
ing bivalve paleobiogeography, particu-
larly in the light of shifting paleoconti-
nental configurations. It appears that an
ontogenetic history is available for at
least some fossil species. The inter-
pretation of these fossil larvae, linked
with the distribution of the adult stages,
will be an important step in our under-
standing of molluskan paleodistribu-
tions.

RicHARD A. Lutz

DAVID JABLONSKI
Department of Geology and Geophysics,
Yale University, New Haven,
Connecticut 06520
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Glutamine-Selective Membrane Electrode That Uses

Living Bacterial Cells

Abstract. A novel bioselective membrane electrode for 1-glutamine has been con-
structed by coupling living bacteria of the strain Sarcina flava to a potentiometric
ammonia gas sensor. Tests in aqueous standards and human serum show that the
electrode combines excellent sensitivity and selectivity with rapid response and a

useful lifetime of at least 2 weeks.

The development of membrane elec-
trode probes () for biological substances
need not be limited to the use of immobi-
lized enzymes as mediators between the
material to be measured and the internal
potentiometric sensor; indeed, an entire

b
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Fig. 1. (A) Schematic diagram of the bacterial
electrode: a, bacterial layer; b, dialysis mem-
brane; ¢, gas-permeable membrane; d, inter-
nal sensing element; e, internal filling solu-
tion; and f, plastic electrode body. (B) Detail
of the membrane phases.
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hierarchy of possible mediators, ranging
from enzymes through immunoagents
and intact vesicles, has recently been
proposed (2). We describe here a novel
membrane electrode probe which uses
intact living bacterial cells in situ to pro-
duce a highly selective and sensitive po-
tentiometric response to the amino acid
L-glutamine in aqueous standards and in
human serum. The bacterial electrode al-
so shows a greatly improved lifetime
over earlier potentiometric sensors (3)
based on the unstable enzyme glutami-
nase (E.C. 3.5.1.2).

One prepares the glutamine electrode
by holding a layer of whole cells of the
bacterium Sarcina flava (American Type
Culture Collection 147) at the surface of
an ammonia-sensing membrane elec-
trode (Orion 95-10) with a dialysis mem-
brane, as shown in Fig. 1A. The bacteria
are freshly grown on agar slants of nutri-
ent broth at 30°C for 3 days, then har-
vested and washed by centrifugation in
tris-HCI buffer (pH 7.5) containing 0.01
mole per liter of MnCl, as activator. No
special sensitization or treatment of the
bacteria is required.

Figure 1B illustrates in detail the vari-
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