drop at a time. Still another source of
error—and the main reason why these
comparison tests are so useful to any
one of the blood-group workers—is the
limited choice of animals and especially
breeds, which is available to most of
the workers for production and stand-
ardization of reagents.

These results indicate the accuracy
with which blood types are regularly
determined in cattle when the tests are
made by experienced persons. They
also indicate that these trials are helpful
in solving the problems of standardiza-
tion. Comparison of new reagents, de-
veloped independently in different lab-
oratories, often indicates that some are
detecting the same antigenic factor and
leads to an agreement on nomenclature.
The trials will be continued on an an-
nual basis.

C. A. Kby
N. W. HoovVeN, Jr.
Animal Husbandry Research Division,
U.S. Agricultural Research Service,
Beltsville, Maryland
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Some Characteristics of a
Thermophilic Blue-Green Alga

Abstract. An alga identified as Synecho-
coccus lividus has an exponential growth
rate of nine doublings per day at 52°C
with illumination of 1500 foot-candles.
It uses nitrate or urea as a nitrogen
source and does not use acetate or glu-
cose. It seems a promising organism for
atmospheric regeneration in sealed cabins.

Photosynthesis by algae is one of
the most promising methods for atmos-
pheric regeneration in sealed space
cabins. In order for such a system to
be practical, the algae used must be
capable of achieving high growth and
photosynthetic rates. We wish to pre-
sent some data on a thermophilic blue-
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green alga that appears to have value
in this respect.

The organism was originally ob-
tained by the USAF School of Aviation
Medicine in a collection of mixed
specimens from the hot springs in
Yellowstone National Park. It was re-
ceived in our laboratory in a mixed
culture of algae and bacteria and was
isolated in unialgal culture by serial
transfer in liquid cultures maintained
at a temperature between 50° and
55°C. The cells are about 1.4 p in
diameter and 4 to 9 p long, the most
common length being about 6 u. They
are straight or slightly curved. Some
occur in pairs joined at the ends. Polar
granules are occasionally observed.
From the description given by Cope-
land (see /) this species has been ten-
tatively identified as Synechococcus
lividus.

A nitrate medium described by Gaf-
ford and Craft (2) gives good growth
and was used for all experiments re-
ported here. Best growth occurs when
the pH of the medium is adjusted to
about 7.5. We have recently found that
a urea medium (3) recommended for
the culture of the thermophilic strain
of Chlorella pyrenoidosa will also pro-
vide maximum growth at pH 7. There
is no growth in the dark when acetate
or glucose is provided as the carbon
source.

Growth was measured by deter-
mining the optical density of the sus-
pension at 500 my with a Beckmann
model DU spectrophotometer, using
1-cm cells. Agreement between optical
density and packed cell volume was
best when the suspension was diluted
to keep the measured optical density
below 0.25. Thus the measurements
were all made in much the same den-
sity range. The measured density was
multiplied by the dilution factor to ex-
press the cell concentration of the
culture.

Cultures of 100 ml were grown in
test tubes suspended in thermostatted
water baths. The bath containers were
glass jars 12 in. in diameter, each sup-
ported over a grid of ten 15-watt
fluorescent lamps. The bottoms of the
tubes were about 12 cm above the
lamps. Carbon dioxide was provided
by bubbling 2 percent carbon dioxide
through small polyethylene tubes. We
have estimated the effective light in-
tensity, by measurements with a Wes-
ton model 614 footcandle meter, to be
about 400 ft-ca. Other cultures were
grown in the same tubes at higher light

1500 FT-CO ——

AV
L1

P
g e N

/\—— 400 FT-CD

¢ Centigrade

Fig. 1. Growth rate of S. lividus in doub-
lings per day (rp) with respect to tempera-
ture at 400 and 1500 ft-ca illumination.

intensity. These tubes were placed in
a narrow water bath sandwiched be-

tween two vertical panels, each of
which held eight 107-watt Power-
groove fluorescent lamps. Here the

effective light intensity is about 1500
ft-ca.

Figure 1 shows the growth rate at
various temperatures for both light in-
tensities. The general shape of the
curves is rather similar to those shown
for Chlorella pyrenoidosa TX 71105
(4). With the higher intensity light
the cells did not tolerate temperatures
below 40°C as well as with less light.
The optimum temperature is higher
with more light. Growth occurs even
at 60°C, but at a lower rate.

The curves of Fig. 1 were deter-
mined by measuring growth over pe-
riods of 21 to 23 hours. Since- it ap-
peared that the cultures -were light-
limited at the end of that time, we
measured density at shorter intervals.
Exponential growth rates determined
in this manner fell in the range of
6 to 7 doublings per day at 400 ft-ca
and 8 to 9 doublings per day at 1500
ft-ca for periods of 7 hours or more.
The shift to linear growth occurred
after 12 to 14 hours. At this time the
calculated cell density is 0.4 and 1.8
ml of cells per liter at low and high
intensity light. Thereafter growth con-
tinued at about 0.09 and 0.3 ml of
cells per liter per hour. As expected,
the linear growth rates are in approxi-
mately the same ratio as the light in-
tensities.

We find this alga of particular inter-
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est for atmospheric regeneration sys-
tems. It has practically no tendency
to cause foaming or to stick to the
surface of culture vessels, even in old
or mismanaged cultures. The higher
culture temperature results in more
efficient cooling systems, while dis-
couraging fungal and bacterial con-
tamination (5).
DenzeL L. DYER
RoOBERT D. GAFFORD
Space Biotechnology Section,
Martin Company, Denver, Colorado
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Localization Effects with Steady
Thermal Noise in One Ear and
Pulsed Thermal Noise in the Other

Abstract. When the duration or repeti-
tion rate of pulses in the left ear is in-
creased, while steady, in-phase, thermal
noise sounds in the right ear, the pulses
are heard to move toward the median
plane. At still longer durations (for a
given repetition rate) the loudness of noise
on the right diminishes, until finally all
sound is localized at the median plane.

In these experiments thermal noise
was led through a mixing circuit such
that part went through an electronic
switch and interval timer (Grason-
Stadler) to the left ear, and the other
part went to the right ear. Thus pulses
were presented to the left ear, and
steady, in-phase noise to the right ear.
Over-all presentation time of stimuli to
both ears for a given judgment was set
at 10 sec by a Hunter interval timer.
Signals in each channel went through
an attenuator and transformer before
arriving at the earphone (Telephonic
TDH-39).
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Perception corresponding to left ear
pulses. The left ear attenuator was set
at 40 db above threshold for each sub-
ject. (Thresholds were obtained for 200
msec, 1 per sec bursts of noise.) The
right ear attenuator was then set to give
voltage into the right phone equal to
that in the left phone. Repetition rates
of pulses used were 1.4, 4.7, 13.9, 58.8,
and 105.3 per second. For a given
pulse repetition rate, the duration of
the pulse could be increased until the
subject heard the pulses at the median
plane. (The median plane is defined as
the plane passing between the cerebral
hemispheres.) Thresholds for such cen-
tering were obtained by the Method of
Limits, using four crossings.

Figure 1, curve A, shows data (me-
dians) for the ten subjects used. The
duration required to center the pulses
decreases as pulse repetition rate is
raised. Individual differences in required
duration are more marked at low pulse
rates, but all subjects tended to require
increasingly smaller durations with in-
creasing repetition rates. (A Friedman
rank order test shows significance be-
yond the .001 level.)

The greatest interaction occurs when
the noise in the two ears is in phase
(perfectly correlated); for in another
experiment with an additional ten sub-
jects, we found that reversing the phase
of noise coming to the two ears sig-
nificantly raised the duration required
to center the pulses. It should be noted
that Pollack (7) did not obtain signifi-
cant localization effects by using par-
tially correlated noise.

The present results can be said to
show summation effects, since increas-
ing pulse duration increases center local-
ization effects. Tobias and Schubert (2)
also found summation effects in over-
coming an initial binaural transient dis-
parity. They suggest that the power of
the initial transient disparity on local-
ization may be related to neural onset
responses. It is possible that in the pres-
ent experiment the localization “power”
of the neural onset response in the left
ear must be overcome by increasing
pulse duration and thus increasing du-
ration of interaction with the right ear
stimulus.

Right ear perception. The duration
of the gap in the left ear noise was in-
creased until the subject could first
detect noise at the right ear position.
Thresholds for this detection were de-
termined by the Method of Limits,
with four crossings. Half of the subjects
obtained these thresholds before those
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Fig. 1. (Curve A4) Median duration (left
ear) required by subjects to center the
pulses, decreasing as the pulse repetition
rate is raised. (Curve B) Median duration
of gap (left ear) required by subjects for
the detection of noise in the right ear, de-
creasing as the pulse repetition rate is
raised.

described previously. Order of condi-
tions, as in the preceding experiment,
was determined for each subject from a
set of randomly drawn numbers.

Figure 1, curve B, shows that the
median duration of gap required for
the detection of noise in the right ear
falls for the higher repetition rates used.
(A Friedman rank test shows signifi-
cance beyond the .001 level.)

Our tentative interpretation of these
results is as follows: Conduction
through the neural channel correspond-
ing to right ear localization perception
is suppressed when the stimulation oc-
curs in the left ear. When the left ear
stimulus ceases, nerve impulses can
pass through this channel; but beyond
this point is a summation process, be-
cause of which detection depends on
repetition rate and duration.

Questioning of the subjects revealed
that the right-ear signal was heard to
increase in loudness as gap duration
was increased. Furthermore, at low rep-
etition rates (1.4 and 4.7), the right-ear
signal was heard typically as pulsing;
at higher rates the signal heard at the
right ear location was heard as con-
tinuous. These latter continuity effects
(see 3) may occur over such long pe-
riods of time because of the facilitating
effect of the continuous input to the
right ear. A possible mechanism might
be an additional neural “facilitation”
circuit from a region prior to a locali-
zation gating mechanism to a region
beyond (4).

W. R. THURLOW
L. F. ELFNER
Department of Psychology,
University of Wisconsin, Madison
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