meridian are included, the rate is re-
duced to 13.04° per day and the standard
error is increased to 0.18° per day.

At low altitudes the nonlinearity of at-
mospheric refraction introduces a slight
vertical distortion in the solar image. At
a true (geometric) altitude of 1° a spot
that is actually at the center of the solar
disk would appear 5" below the midpoint
of the apparent vertical diameter, based,
on an interpolation equation fitted to the
refraction tabulated by Allen (/0). In
cidentally, the apparent altitude of the
sun’s center would be 1°22' and the verti-
cal diameter would appear compressed
by 10 percent, but these large effects
would not cause systematic errors in
spot positions because of my allowance
for linear distortion on the drawings. Al-
though the nonlinear effect is small, the
altitude-dependent correction equations,
once written to check the significance of
refraction, were retained in the reduction
program.

Systematic errors originating in Har-
riot’s technique, particularly those that
would result in a reduced rotation rate,
are a major concern but are very difficult
to reconstruct. The perceptual phenome-
non of irradiation could cause him to
draw the sun too large depending on the
image brightness. If, for example, he
systematically drew the sun 2 percent
too large, the corrected rotation rate
would be 13.73° £ 0.10° (standard error
of the mean) per day. A test assuming
the sun to be 3 percent smaller than
drawn failed because this put some spots
off the limb. Any systematic errors re-
sulting from telescopic distortions have
probably been broken up into random er-
rors because only a part of the sun could
be seen in the field, so that scanning was
required. Also, various telescopes were
used.

Harriot’s careful plotting of spot posi-
tions is evident from the fact that the av-
erage value for the standard deviation of
a spot about its computed mean latitude
was only 3.2°. It is difficult to escape the
conclusion that the sun’s rotation, as de-
fined by sunspots, was truly slow at the
time Harriot observed it, and that it was
accelerating between then and the in-
ception of the Maunder minimum.

RicHARD B. HERR
Department of Physics and Astronomy,
University of Delaware, Newark 19711
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Abstract. Phloem tissue of the Pennsylvanian fern Etapteris is described from per-
mineralized specimens. Sieve elements possess regularly alighed sieve areas con-
taining pores on the radial walls. The presence of these structures provides a basis
for comparison with the phloem of living ferns.

Vascular plants are characterized by
the presence of two principal tissues that
make up the conducting system. Xylem
is involved in the conduction of water,
whereas phloem is responsible for the
movement of solutes, principally sugars,
in the plant. The basic cell of the phloem
tissue is an elongate, thin-walled cell
termed the sieve element, which is char-
acterized by the presence of perforations
in the walls. These sieve pores are usual-
ly aggregated into definite regions on the
cell wall that are termed sieve areas. The
presence of sieve areas provides the
basis for recognition of sieve elements in
vascular plants.

The identification of phloem tissue is
rare in studies of fossil plants. The fea-
tures used to determine extant phloem
cells are rarely encountered in the fossil
record because of the delicate nature and
hence the poor preservation of thin-
walled phloem cells (/, 2). Consequent-
ly, the recognition of fossil phloem is
limited to the position these cells occupy

in the axis and the identification of sieve

areas on the cells. In addition, because
of the relatively small size of the cells,
their presence in a mineral matrix, and
the resolution limits imposed by light
microscopy, little information has been
obtained to date about the histology of
fossil phloem.

This study was performed to describe
the structure and occurrence of phloem
cells in petiole segments of the Carbonif-
erous fern Etapteris leclercqgii (3) that are
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preserved in calcium carbonate per-
mineralizations (coal balls). The speci-
mens were collected at the Lewis Creek
locality in eastern Kentucky and are
stratigraphically associated with the Ma-
goffin marine zone. Although there is
some dispute regarding the precise posi-
tion of these deposits in the Pennsylva-
nian System, the floral elements clearly
suggest that the sediments are of Lower
Pennsylvanian age (4).

Specimens were prepared for light mi-
croscopy by using the cellulose acetate
peel technique, and for scanning electron
microscopy (SEM) by etching the
phloem zone in dilute hydrochloric acid
(2 percent of the stock solution) for 10
minutes followed by immersion in satu-
rated EDTA for 8 minutes. After drying,
the specimens were mounted on stan-
dard SEM stubs with double stick tape,
and sputter-coated with approximately
100 A of gold. The radial walls of the
sieve elements were examined at 20 kV
in the secondary emission mode.

. Figure 1A illustrates a transverse sec-
tion of the petiole of E. leclercqii. The
center of the axis is a core of xylem tra-
cheids that in transverse section has the
shape of an hourglass (clepsydroid). A
zone of phloem tissue, approximately
four cells wide, surrounds the xylem.
Separating the xylem and phloem is a pa-
renchyma sheath one to two cells wide
that is visible in longitudinal section as
uniform rectangular cells (Fig. 1, A and
C). Crushed parenchyma cells that may
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represent a pericycle or endodermis oc-
cur immediately outside the phloem. The
remaining tissues of the petiole form a
broad cortical zone. The presence of his-
tological continuity from the xylem tra-
cheids to the cortex provides direct evi-
dence for the identification of a definite
phloem zone in this fossil fern (Fig. 1, A
and C).

The phloem of Etapteris is constructed
entirely of sieve elements (5) up to 40 um
in diameter and 120 wm in length. End
walls range from horizontal to distinctly
oblique, with some cells exhibiting the
swollen ends that have often been ob-
served in the sieve elements of extant
ferns (Fig. 1B). In transmitted light the
radial walls characteristically appear as
discontinuous horizontal dark bands sep-
arated by lighter elliptical areas (Fig.
1F). Some of these regions that are con-
fined to the radial walls undoubtedly rep-
resent sieve areas; others may be the re-
sult of differential light diffraction pat-
terns through degraded cell wall mate-
rial. Distinguishing sieve areas from
such regions of degradation is extremely

difficult since the sieve pore diameter of-
ten approaches the resolution limits of
light microscopy. The sieve pore diame-
ter in some extant vascular cryptogams
may be as small as 0.05 to 0.07 um (6).

Because of the size of the sieve ele-
ments in Etapteris it was necessary to
examine cells for sieve areas with the aid
of the SEM. The radial wall of a sieve
element is illustrated in Fig. 1D, where
the sieve areas appear as regularly
spaced elongate depressions that are
aligned perpendicular to the long axis of
the cell. Sieve pores are similar in size
and shape and are confined to these ellip-
tical depressions (Fig. 1, E and G). Both
depressions and associated pores have
been observed only on the radial walls of
sieve elements, and adjacent paren-
chyma cells exhibit no comparable struc-
tural complexities.

Fossil phloem has been described in
Paleozoic representatives of several ma-
jor plant groups including the arthro-
phytes, lycopods, seed ferns, and sever-
al problematic taxa (7-9). The oldest
known occurrence of a probable phloem

tissue was reported in the Devonian
plant Rhynia (10). In addition to these
reports of phloem in Paleozoic plants,
well-preserved sieve elements exhibiting
sieve areas have also been described
from silicified Mesozoic plants (/7). All
of these reports are based solely on
transmitted light studies, and most de-
scribe phloem cells in terms of their gen-
eral morphology and their position in the
axis. Relatively few of these reports
document the existence of sieve areas.
To date, primary phloem has been identi-
fied in only three fossil plant taxa, As-
tromyelon, Lepidodendron, and Spheno-
phyllum 8, 9, 12), and has not been de-
scribed in any Paleozoic fern. Eggert and
Kanemoto (9) describe elongate elliptical
holes on the radial walls in the phloem of
aLepidodendron stem that they interpret
as sieve areas. Scanning electron micros-
copy of similar wall configurations in
Etapteris petioles suggests that these el-
liptical holes do in fact represent sieve
areas that regularly contain pores.

Our present understanding of possible
phylogenetic trends in specialization of

Fig. 1. Erapteris leclercqii petiole. (A) Cross section of petiole; arrow denotes phloem tissue (X 16). (B) Longitudinal section of phloem showing
tubelike alignment of cells and swollen ends (x600). (C) Longitudinal section of petiole, showing (left to right) xylem tracheids, two-cell-wide
parenchyma sheath, phloem zone (between arrows), zone of crushed cells, and inner cortex (X 150). (D) Radial wall of a sieve element, showing
depressed horizontal sieve areas (arrows) (scale bar, 5 um). (E) Close-up of sieve area showing sieve pores (scale bar, 1 um). (F) Sieve element
with possible sieve area (arrow) (X800). (G) Low-angle view of sieve area containing pores (scale bar, 1 wm).
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phloem cells is based entirely on the
histology of extant materials (/3). This
study provides a basis for the continued
examination of vascular plant phloem in
the fossil record, and suggests that addi-
tional refinement of paleobotanical tech-
niques may lead to a greater understand-
ing of phloem evolution.
EpitH L. SmooT

THomMAs N. TAYLOR
Department of Botany, Ohio State
University, Columbus 43210
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Rapid Light-Induced Changes in Near Infrared

Transmission of Rods in Bufo marinus

Abstract. Rapid transient changes in axial transmission of near infrared light
through the outer segments of retinal rods of Bufo marinus are induced by illumina-
tion. The reasons for these changes are not clear. The changes in optical transmis-
sion may be useful in the study of photoreceptor function. However, the study of
photoreceptor functions through the use of indicator dyes may be confounded by the
intrinsic light-induced changes of optical properties of the photoreceptor cells.

Retinal rods of Bufo marinus exhibit
rapid light-induced changes in optical
transmission for wavelengths longer than
650 nm; these transmission changes are
too large to be attributed to changes in
the absorption of rhodopsin or its pho-
toproducts. This finding is surprising be-
cause the absorbance of rhodopsin (/)
falls to below 0.1 percent of its peak val-
ue at wavelengths longer than 650 nm,
and decreases approximately tenfold for
each additional 30-nm increase in wave-
length (2). Moreover, in the vertebrate
retina, all known photoproducts that can
be measured on the time scale of our ex-
periments have absorbance maximums
at wavelengths shorter than the parent
rhodopsin and have no apparent second-
ary peaks at longer wavelengths. There-
fore, the bleaching of rhodopsin or its
photoproducts could account for no
more than a 0.1 percent change in optical
transmission through the rods at 650 nm
and no more than a 107® percent change
at 870 nm.

We mounted the isolated retina of B.
marinus receptor-side up in a trans-
parent dish on the stage of a compound
microscope; oxygenated Ringer’s solu-
tion (3) flowed through the dish. Both the
stimulus beam (used to elicit photorecep-
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tor responses) and the measuring beam
(used to determine optical transmission)
were directed at the retina through the
microscope condenser ).

The image of one, or many, of the rods
whose axes were aligned with the optical
axis of the microscope was focused on a
photodetector (5) by means of a micro-
scope objective (6). The wavelength of
the measuring beam was selected by
means of an interference filter (7) and
was chosen to be in the far red or near
infrared, away from the peaks of the ab-
sorption spectra of rhodopsin and its
photoproducts. The measuring beam
bleached an insignificant fraction of the
rhodopsin, for example, no more than 5
rhodopsin molecules per rod per second
for an 870-nm light (8). The stimulus light
was restricted to wavelengths between
365 and 625 nm by an interference cutoff
filter. For some experiments, single rod
outer segments were impaled with mi-
cropipettes (3). In these experiments the
measuring beam was passed through an
interference filter (660 nm) and was also
used as the stimulus; it bleached 6.4 X
10* rhodopsin molecules per rod per sec-
ond.

A brief stimulus induced a change in
optical transmission for a long-wave-
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length measuring light (Fig. 1). Changes
in transmission were observed when
measurements were made with light
passing either through an area of retina
that contained many hundreds of rods
(Fig. 1) or through only a single rod (Fig.
2). The time course of these changes in
transmission differed from that of the re-
ceptor potential (Fig. 2). The transmis-
sion changes had an action spectrum that
was consistent with the absorption spec-
trum of rhodopsin (9); these changes dis-
appeared after all the rhodopsin had
been bleached (Fig. 1).

The rapid light-induced changes in
transmission have the following proper-
ties. They fail to occur shortly after the
flow of perfusate is stopped (/0). They
occur in retinas bathed in perfusate to
which 2 mM aspartate has been added;
therefore, they do not depend upon the
activity of the proximal retinal neurons
(11) and must arise in the rods. They per-
sist in perfusate low in Na* (3); there- -
fore, they do not depend on light-in-
duced changes of ionic fluxes across the
plasma membranes of the rods. A change
in birefringence (/2) does not account for
the transmission changes because they
were not attenuated after both the resid-
ual polarization of the incident light and
the polarization sensitivity of the pho-
todetector were reduced (I3). Also, the
transmission changes were not observed
when the retina was placed between
crossed polaroids (/4). However, the
amplitude of the transmission changes
varied inversely with the numerical aper-
tures of both the condenser and the ob-
jective.

The waveform of the transmission
changes depended on stimulus irradiance
and had a long duration that sometimes
exceeded 10 seconds. The latency of the
change in transmission was inversely re-
lated to stimulus irradiance. The lowest
values of irradiance [with, for example, a
4.2 neutral density (ND) filter in Fig. 1]
elicited a slow transmission increase,
whereas higher values also elicited a
more rapid component, a transmission
decrease (3.0, 2.4, and 1.8 ND in Fig. 1).
Thus, the higher values of irradiance
elicited biphasic changes (for example,
3.0 and 1.8 ND in Fig. 1) or more com-
plicated waveforms (for example, 2.4
ND in Fig. 1). The apparent drift of the
baseline (Fig. 1) is probably attributable
to stimulation by the measuring beam it-
self. The drift was more rapid for mea-
surements at 750 nm than at 850 or 870
nm and was not seen after all the photo-
pigment was bleached.

In three experiments, we measured
changes in optical transmission at both
870 and 750 nm for the same retinal
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