10% to 20 X 109 dinoflagellates. The
quantity and typical pale green color of
pseudofeces and feces indicated that
the oysters filtered the culture. Micro-
scopic counts showed that the oysters
had reduced the G. breve population
by 90 percent after 7%%2 to 56 hours,
at which time the molluscs were re-
moved from the medium and homog-
enized. Control oysters, each exposed
to 2 to 4 liters of uninoculated culture
medium, opened occasionally during
the experiments, but no pseudofeces
and only a small amount of dark feces
were observed. The assay animals, male
white Leghorn chicks, did not receive
food or water for 8 to 11 hours prior
to the experimental period. Each of the
experimental chicks was force-fed por-
tions of a tissue homogenate of the
oysters exposed to the dinoflagellates.
Control chicks were each force-fed a
tissue homogenate of the oysters from
the uninoculated culture medium. In
one experiment four additional chicks
were maintained as unfed controls to
determine the effect of lack of food.
After the force-feeding of the chicks,
they were provided water but no food
for the duration of the experiments.

All eight of the experimental chicks
showed a marked loss of equilibrium,
and six of them died in 6 to 22 hours
(Table 1). None of the control chicks
showed gross toxic symptoms, such as
loss of equilibrium, at the end of 24
hours, at which time they were returned
to a normal diet.

Although the degree of toxicity to
chicks varied from batch to batch of
culture, in no instance did oysters ex-
posed to G. breve fail to produce toxic
symptoms in experimental animals. The
age of the culture, composition of me-
dium, and stability of toxin in the mol-
luscs may contribute to such variability.

Another indication of the toxicity of
G. breve was provided by the behavior
of the polychaete “mudworms” (Poly-
dora sp.), which inhabit the oyster’s
shell. In G. breve cultures the response
of the “mudworms” varied from great-
ly reduced antennal movement to com-
plete emergence from the shell, where-
as in uninoculated medium these worms
displayed normal antennal activity and
remained in the shell.

Having established that oysters can
ingest G. breve and in the process be-
come toxic to higher animals, we sus-
pect that the scarcity of such occur-
rence in nature is based on ecological
barriers to contact between oysters and
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G. breve. Commercially exploitable
quantities of oysters usually occur in
Gulf areas having average salinity levels
of 25 parts per thousand or less (/2).
Such estuarine salinities inhibit the de-
velopment of G. breve (11, 13). Thus
salinity is probably a most important
factor in preventing frequent contact
between these two organisms. The scar-
city of shellfish poisoning of humans in
areas indigenous to G. breve may be
attributed to this ecological pattern.
Gonyaulax monilata, the other known
toxin-producing dinoflagellate from the
Gulf of Mexico, remains to be investi-
gated. Mass cultures of this organism
have been established to permit con-
trolled study of its toxic potential.
Sammy M. Ray
Marine Laboratory, Texas
A&M University, Galveston
DaviD V. ALDRICH
Bureau of Commercial Fisheries,
Biological Laboratory, Galveston, Texas
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Two-Stage Paired-Associate
Learning and Eye Movements

Abstract. Eye movements of 20 male
students were photographed continu-
ously throughout the course of their
learning verbal paired-associates. As
learning progressed, proportionately less
and less time was spent scanning the re-
sponse when the stimulus and response
were presented together. These findings
are interpreted as supporting a two-
stage theory of verbal learning.

In experiments on verbal paired-as-
sociate learning, subjects are required to
associate pairs of items, usually non-
sense syllables, such that the presence
of the first or stimulus member comes
to elicit the second or response mem-
ber. A number of investigators (I) re-
gard the learning of such lists as a two-
stage process, subjects consolidating the
responses during the first or “response-
learning” phase and then connecting
them to the appropriate stimuli during
the second or “hook-up” stage. We
evaluated this notion by examining the
eye movements of subjects throughout
the course of their learning paired-as-
sociates, concentrating on the propor-
tion of time each subject spent fixating
the stimulus and the response when the
two were presented together. If subjects
scanned the response out of proportion
to the stimulus during the early learn-
ing trials, the two-stage concept would
be supported.

Twenty male students of introductory
psychology were used as subjects. As
each entered the laboratory he was
placed in a dental chair, the various
attachments of which facilitated the
recording of eye movements, and was
given standard instructions for paired-
associate learning. We told him that
he would be required to learn a list
consisting of seven pairs of nonsense
syllables. Each syllable had a Nobel
(2) m’ value within the range 1.80 to
1.93. For each syllable-pair, we ex-
posed the stimulus alone and then with
the response by projecting slides onto
a green-surfaced chalkboard 1.37 m in
front of the subject. We told him that
when the stimulus was presented by
itself he had 2 seconds in which to
anticipate the response and when the
two appeared together, the stimulus on
the left and the response on the right,
he would discover whether he was cor-
rect or incorrect. The list was given in
each of four different random orders
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Fig. 1. Mean number of frames of stim-
ulus and response as a function of trials.

(trials) to prevent serial learning, and
we inserted two blank slides at the
end of each trial to provide a 4-second
intertrial interval. The subject was
given a l-minute rest at the end of
every four trials and the session was
terminated after 24 trials, or before that
if he successfully anticipated the seven
responses in any of the four orders.

We recorded eye movements con-
tinuously throughout the duration of
the task by means of an eye-marker
camera (3), mounted on the head, which
consisted of a 2- by 8-mm motion
picture unit and a periscope that trans-
mitted a spot of light reflected from
the cornea to a moving film. The de-
veloped film shows the paired-associate
slides and, superimposed upon each, a
bright circular spot indicating the po-
sition of actual fixation. We analyzed
the data frame by frame, by examining
the stimulus-response slides through a
film viewer. This method of analysis
was highly dependable, the between and
within experimenter-reliability coeffi-
cients being 0.98 for a film of 24 trials,
selected at random.

Sixteen of the 20 subjects reached
the criterion of an errorless trial, the
fastest doing so on the 11th trial. We
have summarized the main findings in
Fig. 1. The first 11 trials for all sub-
jects are shown along the abscissa,
while the ordinate represents the aver-
age number of frames per syllable-pair
for those slides where the stimulus and
response appeared together. The open
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circles represent response frames, the
closed circles stimulus frames. For any
given trial, total frames of stimulus and
response may be calculated by adding
the ordinate values for the open and
closed circles. The difference between
this value and 21 represents frames in-
volving fixations of the central portion
of the display. The two functions shown
in Fig. 1 are not perfect mirror images
of one another and this is reflected
by a —0.43 correlation between stimulus
and response frames.

We examined the findings shown in
Fig. 1 by means of analysis-of-variance
techniques and discovered that the two
trend lines depart reliably from being
parallel (p < .001), with time on stim-
ulus remaining constant over trials and
time on response becoming systemati-
cally shorter as learning progresses.
This last trend has a chance expectancy
of less than one in one thousand, an
orthogonal polynomial comparison re-
vealing no dependable nonlinear com-
ponents. We obtained the same results
by examining time on stimulus and re-
sponse as a function of the first three
of the four quarters of learning for
those 16 subjects who reached the er-
rorless-trial criterion. (We omitted the
data for the fourth quarter because of
their unreliability.) All 16 subjects
showed less time on the response dur-
ing the third quarter than during the
first. Again, time on stimulus remained
essentially invariant throughout the ses-
sion.

In view of the fact that each subject
saw the stimulus twice as often as the
response, it is not surprising that the
latter was scanned out of proportion to
the former throughout the duration of
the task. Nor were we surprised to dis-
cover less total time on stimulus
and response during the latter stages of
learning. This resulted from a tendency
to fixate the central portion of the dis-
play, or even to look away, once a
syllable pair had been learned. The
phenomenon of most interest, however,
that of the systematically decreasing
ratio of response- to stimulus-time
with trials, is clearly consistent with the
two-stage hypothesis. This phenomenon
reflects the transition from the response
consolidation to the stimulus hook-up
phase.

We also analyzed scanning behavior
before and after the learning of each
of the seven pairs and found what could
be interpreted as additional support for

the two-stage theory. Although there
were no differences in time on the
stimulus, all 20 subjects showed less
time on the response after the pairs
had been learned than before. This
difference on the response side and
lack of it on the stimulus side of the
display is presumably due to a dispro-
portionate amount of time on the re-
sponse during stage one, even though
the data presented before learning re-
flect both stages.

We were unable to reveal any reliable
differences in scanning behavior be-
tween slow and fast learners, nor were
we able to demonstrate any systematic
changes in patterns of viewing the
stimulus-response slides as learning
progressed. Most subjects looked right-
left-right and maintained this pattern
throughout the duration of the session.

P. D. McCoRrRMACK
E. J. HALTRECHT
Department of Psychology,
Carleton University,
Ottawa, Canada
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Pupillary Response of the
Screech Owl, Otus asio

Abstract. The latent period of con-
striction in the owl is only half that in
the human, and the latent period of dil-
atation is about equal to that in the
human. Similarly, the rise time of con-
striction in the owl is much faster than
that in the human. The owl system has
the characteristics of a low-band-pass
filter. The owl’s frequency response is
over an octave lower than that of the
human, but its phase lags are shorter.

Linear and nonlinear servomecha-
nism theory has been used to describe
quantitatively the dynamic character-
istics of the human pupillary response
to a small-signal visible light input (7).
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