epidermal growth factor (24). Other non-
immune functions proposed for mole-
cules of the major histocompatibility
complex (MHC) include binding of peni-
cillin (25) and viruses (26) as well as
participation in cellular adhesion and
contact inhibition (27). If Bom or the
HLA complex are functionally related to
the TXA, receptor, it is a new role for
class T MHC molecules that will
strengthen the concept that their func-
tion in cell biology is larger than that
defined by their participation in immune
responses.
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Abstract. Fossil flowers discovered in 94-million-year-old clays of the Dakota
Formation in Nebraska are among the earliest known demonstrably bisexual
flowers. The flowers are of medium size and have pentamerous whorls of clearly
differentiated floral parts, petals alternate with the sepals, short stamens are borne
opposite the petals, the carpels are fused, and a receptacular disk is present. The
pollen is small and tricolporate. These flowers appear to be well adapted to insect
pollination. The numerous floral features and pollen characters provide sufficient
diagnostic data to assess its systematic position. No extant order accommodates the
features of this flower and it shares some features of various extant orders. The
classification of flowering plants and our understanding of their evolution must be
influenced by the fossilized remains of ancient flowers.

Floral structure is the major basis on
which living flowering plants of the
world are classified (/-3). Orders, fam-
ilies, and lesser taxa can be character-
ized by certain common features of their
reproductive organs. Pollen structure,
wood anatomy, leaf morphology, and
organic compounds have been used to
supplement floral evidence in order to
establish more ‘‘natural’’ groupings of
major taxa (3-5) and to more clearly
define relationships at the generic, spe-
cific, and subspecific levels.

The early fossil record of angiosperms
(Barremian-Albian) consists mainly of
pollen (6-8). Leaf remains are uncom-
mon in deposits of this age but increase
in abundance and complexity through
the Aptian, Albian, and Cenomanian (7—
12). A few early angiosperm reproduc-
tive remains have been reported (8-17).

We know from Tertiary sediments that
fossil flowers do preserve and are of
great importance in studying the evolu-
tion of flowering plants (/8). However,
there are very few detailed accounts of
early angiosperm flowers from sedi-
ments of Cretaceous age (/4-17, 19).
Therefore, the discovery of one of the
earliest known bisexual flowers with
well-preserved floral parts is of particu-
lar interest. The collection of more than
50 whole or partial flowers preserved in
different orientations and stages of de-
velopment has allowed an accurate re-
construction of floral structure and re-
productive biology (20). Remains of
these flowers were discovered, collect-

ed, and studied as part of an ongoing
project on the fossil plants of the Dakota
Formation being conducted at Indiana
University (21).

The flowers discussed in this report
were collected at a locality in Nebraska
from clays of the Dakota Formation (22).
The Dakota Formation includes mainly
nonmarine sandstones, shales, clays,
and thin coals deposited along the shore
and coastal plains of a mid-Cretaceous
epicontinental sea which transgressed
northward from the Gulf Coast area,
eventually forming a connection with the
Arctic Ocean. The beds from which the
flowers were collected are dated at about
94 to 96 million years (/7, 23) and are
early Cenomanian (mid-Cretaceous) in
age. -

The flowers are pentamerous. Most
frequently there remains only a thick
receptacular disk with five sepals at-
tached, forming a stellate pattern 2 to 3
cm in diameter (Fig. 1d). Ovate petals, 1
to 2 cm long, are preserved both isolated
and occasionally attached to the recep-
tacular disk. The five thin and delicate
petals alternate with the robust sepals at
the rim of the receptacular disk. Five
stamens are attached to the receptacle,
with one opposite each petal; the fila-
ment is flared at the base to form a broad
connection to the receptacle (Fig. le).
The stamens are 1 cm long, with filament
and anther each being 0.5 cm long. The
filaments are stout and the anthers are
consistently four-locular and massive.
The stamens preserved in place appear
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Fig. 1. (A) Flower with four of five petals still attached. Five sepals, which appear as lobes, are
alternating with the petals. Specimen number 3427; all specimens are from locality number IU
15713 and are stored in the Indiana University Paleobotanical Collection (x2). (B) Reconstruc-
tion of flower, showing pentamerous whorls of sepals, petals, stamens, and carpels (x2). (C)
Laterally compressed flower showing bisexuality. Three of five stamens are still attached
(upper left and below center) and the gynoecium (center) has free styles at the top; No. 4026
(%x2). (D) Calyx from which petals and most stamens have been lost prior to fossilization. Two
of five stamens remain attached between sepals at the upper right and upper left. An isolated
petal is located at the lower right. The sepals and receptacular disk are relatively thick and the
petal is relatively thin; No. 3429 (x2). (E) Isolated stamen showing the large anther and the
stout filament with a broadly flared base; No. 3426 (x5.5). (F) Scanning electron micrograph of
tricolporate pollen from an anther. Equatorial projections are present over each colpus, as is the
faintly scabrate exine; No. 3423 (x3000). (G and H) Reconstruction of pollen grains in
equatorial and polar view, respectively (x2000).
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to be erect and spreading (Fig. 1, c and
d). The pollen is minute, 8 to 12 pm in
diameter, psilate to scabrate, and tricol-
porate (Fig. 1, f to h). The gynoecium
consists of five connate carpels, each of
which has a short style and a stigmatic
surface apparently restricted to the sty-
lar tip. Mature capsules are about 1 cm
wide and 0.7 cm high. Dehiscence is
loculicidal, with capsules breaking into
five triangular segments. Pentamerous
calyces, similar to those of the flowers
described in this report, occur elsewhere
in the Dakota Formation and in the Am-
boy Clay of New Jersey (10, 11, 15).
Poorly preserved Cretaceous fruits,
vaguely resembling those presented
here, have been found attached to a
spike (16). Pedicels are not present on
any of the Nebraskan fossil flowers, sug-
gesting that they may have been borne
on a spike also.

The flowers presented are the best
evidence available for early insect polli-
nation of angiosperms. The five spread-
ing, showy petals, heavy receptacular
disk, short styles, restricted stigmatic
areas, large anthers, and abundance of
minute pollen all indicate entomophilous
pollination. The pollen is so small that it
would lack sufficient impact velocity
when carried toward a stigma by the
wind (24). Pollen is also psilate to sca-
brate and is unlike the large, well-orna-
mented grains that have been thought of
as typical for early entomophilous angio-
sperms (8). The receptacular disk is thick
and may have produced nectar since
swellings on the upper surface of the
disk, between the androecium and gy-
noecium, resemble the nectariferous col-
lars on disks of some extant flowers (for
example, Malpighiaceae and Saxifraga-
ceae). The large number of specimens
found in a variety of orientations and
stages of development, from young flow-
ers to fruit-bearing forms, provide a
broad data base upon which the detailed
reconstruction of Fig. 1b has been based.

Because delicate petals are still at-
tached in some specimens we suggest
that they were preserved in the immedi-
ate vicinity of the plants that bore them.
The fossil flowers are found associated
with various angiosperm leaf remains
and several specimens of Brachidontes,
a brackish-water bivalve. Remains of
this fossil flower on the same slab of clay
as a Brachidontes buried in life position,
suggest that this flowering plant and its
associated community lived in a very
low, coastal, or near marine environ-
ment. No organic connection nor ana-
tomical evidence has yet been found to
tie any particular one leaf, of the many
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types of associated leaves, to the fossil
flowers.

Many characters of this early angio-
sperm flower illustrate the level of devel-
opment of floral morphology for at least
one taxon at an early time in angiosperm
evolution. The pentamerous nature of all
the flower parts, clear differentiation of
the petals and sepals, medium size of the
flowers, fused carpels and well-devel-
oped receptacular disk are generally be-
lieved to be derived floral characters (/,
4, 25). The free petals and stamens,
bisexual nature of the flower, actinomor-
phy, probable entomophilous pollina-
tion, and hypogynous receptacle are gen-
erally considered ‘‘primitive”’ floral
characters by most systematic botanists
today. This mixture of characters indi-
cates a level of floral evolution at a
particular time in the history of the
group. According to some hypotheses
these flowers lived 15 to 20 million years
after the probable latest origin (Barre-
mian) of the angiosperms (6-8), thus
providing time for considerable floral
evolution. However, the actual evolu-
tionary history of the group, which is
evident from the considerable taxonomic
diversity of mid-Cretaceous time (/4-
17), indicates great divergence early in
the history of the flowering plants that
cannot be easily dismissed as later evolu-
tionary events.

The circumscription of modern plants
is based primarily upon floral morpholo-
gy, and the floral structure of the fossil
flowers is very well known. However,
assignment to a living family or order is
complicated because no living flowering
plant has the same floral features found
in the fossil flower. This floral type is
approached by members of the Saxifra-
gales (Rosidae), Rosales (Rosidae), and
Rhamnales (Rosidae). The fossil flower
cannot actually be accommodated within
any of these orders but it has a floral type
similar to, and possibly basic in, three
orders of flowering plants. This flower is
of moderate size, with single, pentamer-
ous whorls of organs borne on a very
abbreviated receptacle. Its presence by
mid-Cretaceous time is in agreement
with the view that angiosperm evolution
has not always been toward reduction
and simplification, but has involved both
reduction and elaboration from simple
floral types (/5, 26) as a result of co-
adaptive evolution with animal pollina-
tors.

JAMES F. BASINGER*
Davip L. DILCHER
Department of Biology, Indiana
University, Bloomington 47405
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Magnetometry of Ingested Particles in Pulmonary Macrophages

Abstract. Sensitive magnetometry has shown that, after inhalation of airborne
magnetic dust by humans or animals, particles retained within the lungs rotate. A
number of mechanisms for this rotation have been proposed, including motions of
breathing, particle thermal energy, cardiac pulsations, surface fluid flows, and
macrophage cytoplasmic movements. In this study the cellular mechanism was
examined by magnetometry and videomicroscopy of pulmonary macrophages re-
moved from hamster lungs 1 day after inhalation of a maghemite (y-Fe;03) aerosol.
The field remaining after magnetization was measured in adherent cells and was
found to decay rapidly to 30 percent of its initial magnitude within 12 minutes. The
remanent-field decay rate was slowed by inhibitors of cytoplasmic motion. Videomi-
croscopy of pulmonary macrophages with phagocytized y-Fe;03 showed amoeboid
motions that rotated the particles away from their original direction of magnetiza-
tion. The results confirm that macrophage cytoplasmic movement is a primary cause
of remanent-field decay in lungs and that magnetometry can be used to quantify

intracellular contractile activity.

Ferromagnetic particles can be pres-
ent as contaminants in the lungs and
other organs. As Cohen initially pointed
out (/), retention in the lungs of inhaled
magnetic dusts can be measured after a
permanent magnetic moment in the re-
tained particles is induced by brief appli-
cation of a strong magnetic field. The
combined effect of these aligned mo-
ments is to produce a remanent field that
can be detected outside the body with
a sensitive magnetometer. Sequential
measurements have been used to deter-
mine long-term dust clearance from the
lungs of smokers and nonsmokers (2).
Cohen also noted that the magnitude of
the remanent field dropped by as much
as a factor of 6 during the first hour after

magnetization, a phenomenon he called
“‘relaxation.’’ Since the particle magnet-
ic moments are permanent and since the
remanent field can be restored to its
initial strength by remagnetization, Co-
hen attributed the relaxation to some
viable process randomly rotating the
magnetic particles retained in the lungs
).

Cohen and others subsequently pub-
lished lung clearance and relaxation
curves for both humans and animals (3,
4). A number of speculations about the
force driving relaxation have been put
forward, including respiratory move-
ments, surfactant and mucus flow, cardi-
ac pulsations, particle diffusive motion,
and cell motion. Conclusive evidence
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