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Fig. 2. Protective effect of bacterial neur- 
aminidases (units per egg) against Lee-B 
virus. Clostridium perfringens, solid tri- 
angle, cross; Vibrio cholerae, half-solid 
circle, solid square, solid circle. 

photungstic acid in 0.1M HCI, and the 
sialic acid liberated was determined on 
a portion as described by Warren (11). 
The results are expressed as units of 
enzymatic activity; 1 unit is the 
amount of enzyme that liberates 1 

,/mole of sialic acid in 1 minute under 
the conditions stated. 

Eleven-day-old embryonated eggs 
were used. One-tenth milliliter of the 
appropriate neuraminidase was injected 
into the allantoic cavity, and the eggs 
were returned to the incubator for 2 
hours before they were injected with 
0.1 ml of diluted infective allantoic 
fluid containing Lee-B or PR-8 virus. 
The fluid infected with Lee-B virus had 
a hemagglutination titer of 640 units 

per milliliter-107'2 EID50/ml (egg in- 
fectious doses, 50 percent effective)- 
and was diluted 1 to 1000 before ad- 
ministration. The PR-8 infective fluid 
had a hemagglutination titer of 1280 
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units per milliliter (1086 EIDso/ml) and 
was diluted 1 to 100,000 before admin- 
istration. After 48 hours the infected 
chorioallantoic fluid was harvested 
from each egg, and its hemagglutina- 
tion activity determined by the method 
of Salk (12). In each test group, 10 to 
20 eggs were used and the hemagglu- 
tination titers were averaged. The per- 
centage protection is expressed as the 
difference in averages of control and 
test groups divided by the control times 
100. 

The "protective" effect of several 
concentrations of neuraminidase iso- 
lated from Asian influenza virus on in- 
fection by Lee-B virus in four typical 
experiments is shown in Fig. 1. The 
effect becomes maximal at about 0.0004 
units of neuraminidase per egg. Similar 
results with bacterial neuraminidases 
are shown in Fig. 2. Again, maximal 
protection occurs at about 0.0004 units 
per egg. 

It was shown by Stone (1) that the 
protective effect of neuraminidase from 
V. cholerae varied with different vi- 
ruses. Figure 3 shows that the same is 
true with the neuraminidase from C. 
perfringens which is more effective 
against Lee-B than against PR-8 virus. 

These results extend previous obser- 
vations with the neuraminidase of V. 
cholerae, and show that, neuramini- 
dase from Asian influenza virus and 
from C. perfringens can also protect 
cells of the chick embryo against in- 
fection by certain strains of influenza 
virus. The results are in accord with 
the proposition that specific receptor 
sites containing sialic acid on infectible 
cells are required for attachment and 
attack by influenza viruses, and that 
different viruses vary in the extent to 
which they depend on the "intactness" 
of these receptor sites. 

Our experiments clearly show that 
the protective action is due to neu- 
raminidase since very similar results 
are obtained with highly purified neur- 
aminidase from several sources. The 
effect is a temporary one, since after 
72 hours the titers of control and pro- 
tected groups are comparable. This in- 
dicates that the receptor sites tend to 

regenerate over a period of time as 

previously reported by Stone (1). 
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Visual Problem-Solving 
in a Bottlenose Dolphin 

Abstract. A captive 8-year-old dol- 
phin, well adapted to contact with hu- 
man beings, was tested by the discrimi- 
nation method for underwater percep- 
tion of visual forms or patterns. The 
animal successfully discriminated 21 of 
the 25 pairs of stimuli presented. After 
having learned a particular combina- 
tion, the dolphin was immediately able 
to respond to different but related pairs 
which had been modified in various 
ways. The memory of the animal for 
discriminations previously made was ex- 
cellent. 

Although a good deal of speculation 
exists on the problem-solving ability of 
the bottlenose dolphin, Tursiops trun- 
catus (Montagu), there is little scienti- 
fic information on the subject. Many 
observers, impressed by the striking per- 
formances and playful antics of cap- 
tive specimens, have been quite willing 
to assign a high order of achievement 
to this marine mammal. More than 15 
years ago McBride and Hebb (1) ob- 
served that Tursiops is a very superior 
animal indeed, and they ranked it some- 
where between the dog and the chim- 
panzee with respect at least to emo- 
tional and motivational behavior. Oth- 
ers have pointed to the size and com- 
plexity of the cerebral cortex and high- 
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served that Tursiops is a very superior 
animal indeed, and they ranked it some- 
where between the dog and the chim- 
panzee with respect at least to emo- 
tional and motivational behavior. Oth- 
ers have pointed to the size and com- 
plexity of the cerebral cortex and high- 
er brain centers (2). Since degree of 
cerebral complexity is often thought to 

imply behavioral capability, we have 
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here again indirect-but only indirect 
-support for the notion that the dol- 
phin is capable of a high level of prob- 
lem-solving performance (3). Clearly 
what are needed are some first-hand 
measures of this ability. 

It was the object of the research re- 
ported here, carried out at Florida 
State University, Tallahassee, to ex- 
amine the problem-solving processes of 
Tursiops truncatus that involve the op- 
tical instead of the auditory or acousti- 
cal receptor. We hoped to find out 
something about the dolphin's ability 
in test situations without reference to 
the well-known echo-ranging or sonar 
method of perception used by this ani- 
mal (3). 

An 8-year-old bottlenose dolphin 
served as a subject in the tests. It had 
been in captivity for 7 years and was 
unusually well adapted to contact with 
human beings. It was 2.3 m long and 
weighed about 135 kg. 

The animal was kept in a rectangu- 
lar concrete tank or pool filled with 
clear, filtered seawater. The surface 
area of the tank was 6 X 10 m, and 
the water depth was 2.4 m. The en- 
tire aquarium was enclosed and roofed 
over; thus there was protection from 
the weather and considerable control of 
ambient illumination. The stimuli were 
presented beneath the water by the two- 
choice discrimination method. 

Any movement on the part of the 
experimenter, which might have served 
as an uncontrolled cue, was concealed 
by a vertical plywood screen. The 
screen extended upward from about 5 
cm below the surface of the water to a 
point 110 cm above the surface. A 
stimulus-panel or stimulus-board, 60 
cm on a side, could be lowered into 
the water from behind the screen. The 
patterns to be discriminated were 
viewed through two transparent Lucite 
windows, 30 cm apart, in this stimulus- 
panel. A perpendicular divider, also of 
of transparent Lucite, projected down- 
ward and outward from between the 
stimuli, thus preventing the animal 
from moving sideways from one pat- 
tern to the other. Figure 1 is a diagram 
of the apparatus. 

The stimulus figures were in the 
form of stencils. They were made from 
thin shimming brass which was painted 
a flat black. A white background be- 
hind the cut-out portion of each sten- 
cil caused its shape to stand out. Com- 
mon geometric forms were used, such 
as a circle, a triangle, a diamond, a 
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star, and a heart. With two exceptions, 
each of the patterns had an area of 
13 cm2. When tested (underwater) in 
the illumination of the experimental en- 
vironment, the white reflecting surfaces 
of the figures gave light intensity read- 
ings of 8 to 10 meter-candles. 

In arranging the forms into pairs to 
be discriminated, a figure was often 
used in several different contexts. Thus, 
in successive combinations the heart 
was paired with a cross, with an angle 
bar, with an X, and with an inverted 
heart. In some cases a given pattern 
was positive, and in others the same 
pattern was negative (see Table 1). 
Such complications were deliberately in- 
troduced in order to test the animal's 
perceptual abilities. As is customary 
with the discrimination method, the pat- 
terns were randomly rotated from side 
to side according to a chance sequence. 

A trial began with lowering of the 
stimulus-board into position and ended 
when the subject had indicated a choice 
by pressing the tip of its "chin" against 
one or the other of the forms. The 
minimum intertrial interval was 30 sec- 
onds, and during this interval the dol- 
phin returned to a fixed starting point 
about 6 m in front of the apparatus. 
There it waited for the sound pro- 
duced by lowering the stimulus-board 
on the next trial. If the dolphin was 
slow in returning to the starting place 
(as it was on occasion), the intertrial 
interval was necessarily lengthened. 

All successful responses were rein- 
forced. This was accomplished by drop- 
ping a small piece of thread herring 
(Opisthonema oglinum) through a feed- 
ing slot above the water on the side 
of the positive stimulus (see Fig. 2). 
Since each piece of herring was cut so 
as to weigh about 15 g, an entire ses- 
sion of approximately 100 trials could 
be conducted with 1/2 kilograms of 
fish. The periods of experimentation 
and of testing (including rest intervals) 
lasted from 8:30 A.M. to about noon. 

In all, the animal had more than 
7000 choices or test trials in the course 
of this study, but in the early stages 
most of these were exploratory and 
were necessary to- develop a stand- 
ardized and workable procedure. Some 
of these pretraining trials were made 
with the stimuli in air above the wa- 
ter line (4). A typical underwater re- 
sponse is illustrated in Fig. 2. 

The most effective procedure for 
training the animal to learn a new dis- 
crimination, it was found, was a special 

Fig. 1. Diagram of underwater discrim- 
ination apparatus, showing principal di- 
mensions. The perpendicular divider, which 
protruded 30 cm from the screen, was 
constructed of clear Plexiglass beneath the 
water line. 

version of the method of approxima- 
tion. One of the first problems mas- 
tered by the dolphin had been that of 
distinguishing between a light and a 
dark area-as, for example, between a 
sheet of brass painted black and a sim- 
ilar sheet in natural brass color. To 
make use of this already familiar inten- 
sity differential to guide the dolphin in 
learning to discriminate between forms 
or shapes which it had never before 
seen, the experimenters first showed the 
positive stencil of the new pair, com- 
pletely black. At the same time, the 
negative pattern was presented with a 
brass border around it. This served as 
a frame around the white area of the 

Fig. 2. A successful underwater response 
in the test situation. The dolphin has just 
touched the positive stimulus with the tip 
of its "chin" and is being rewarded with a 
small piece of fish, dropped from a feed- 
ing slot in the visual screen. The fish may 
be seen falling toward the water. 
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Table 1. Stimuli which were reversed in dif- 
ferent combinations. 

Stimulus Positive when Negative when 
pattern paired with: paired with: 

Circle Horizontal Triangle 
dumbbell 

Square Inverted Horizontal 
diamond 

Cross Angle bar Heart 

negative stimulus, making it appear 
brighter as well as larger than the posi- 
tive stimulus. 

The width of the brass border en- 
circling the negative shape was then 
progressively decreased. For approxi- 
mately the first 20 trials the border was 
1.25 cm wide. For the next ten trials 
it was 0.9 cm. For the third group of 
ten trials it was 0.6 cm, and for the 
fourth group, 0.3 cm. When the border 
around the negative form had been re- 
moved entirely, the discrimination was 
then made solely on the basis of form 
instead of on the basis of brightness 
or intensity. The criterion of mastery 
in these learning situations was 20 er- 
rorless discriminations in succession. A 
similar technique has recently been de- 
scribed by Terrace (5) in training 
pigeons to distinguish vertical from hor- 
izontal lines. 

Of the 25 different stimulus pairs 
which were shown the dolphin, it suc- 

cessfully discriminated 21, or 84 per- 
cent. For 11 of these pairs, discrimi- 
nation was learned by the method of 

approximation just described. For the 

remaining ten pairs, discriminations 
were made immediately in special tests, 
without any further training. For these 

special tests, a well-learned (or previ- 
ously learned) pair was shown for ten 

additional (or post criterion) trials, 
and these trials were immediately fol- 

lowed by ten further trials with an en- 

Table 2. Tests in which the negative stimulus 
was changed. (Here the positive stimulus for 
each pair is at left, the negative stimulus at 
right. ) 

Stimulus 
Subject's 

Original Test response 
pair pair 

Successful 

Successful 

Successful 

................ 

.......... 
..... 

...................: .. . . .. 
.................. 

tirely new (or test) pair without any 
interval or interruption. A pair of test 
stimuli presented in this way varied 
from the originally learned pair which 
preceded it in having either one or 
both of its patterns altered. In some 
instances the positive pattern of a test 
pair was changed, in some instances 
the negative pattern was changed, and 
in some instances both stimuli of the 
new pair were different. All such tests 
are actually instances of transfer of 
training, or of transposition of a dis- 
crimination. 

Of special significance in this con- 
nection is the use of the triangle-circle 
and triangle-triangle combinations. An 
equilateral triangle with its apex point- 
ing upward (positive stimulus) was 
paired with a circle (negative stimu- 
lus). The dolphin learned this combina- 
tion through practice. The animal was 
then immediately tested with a triangle 
with apex downward and a circle; a 
triangle with apex to the left and a 
circle; and a triangle with apex to the 

right and a circle. It solved all of these 

problems at once, giving ten perfect 
trials in each case. It went to the tri- 

angle in each case, regardless of the 
fact that the triangle had been rotated. 

Subsequently the animal was trained 
to discriminate a triangle with apex up- 
ward (positive) from a triangle with 

apex downward (negative). Upon reach- 

ing criterion in this new learning, it 
was tested with a triangle with apex 
upward against a triangle with apex to 
the left, and with a triangle with apex 
upward against a triangle with apex to 
the right. In these test trials the dol- 

phin now went without error to the 

triangle with apex upward and avoided 
the other triangles (see Table 2). 

With problems such as these, com- 

plicated relationships exist. When paired 
with the circle, all four triangles are 

positive shapes and are consequently to 
be approached. Yet when paired with 

an apex-upward triangle, the other 
three triangles are negative shapes and 
are to be avoided. Three of the tri- 

angles, in other words, are negative 
when paired with a fourth triangle but 

positive when paired with the circle. 

Such reversals can be confusing. In 

some cases even the experimenters 
found it hard to keep them straight. In 

spite of such difficulties the dolphin 
had little or no trouble responding to, 
and retaining, these combinations and 

could respond to one after another with- 
in a single experimental session with- 
out making a mistake. It made two 
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Table 3. Tests in which the positive stimulus 
was changed. (Here the positive stimulus for 
each pair is at left, the negative stimulus at 
right.) 

Stimulus 
Subject's 

Original Test response 
pair pair 

Successful 

Successful 

....m mI Successful 
Successful 

iiit-4~ ;l!' 'Successful .L.:': -...... a.. 
... 

'~ilil'.-"S.;."{'~S c........cessful 

discriminations without error after an 
interval of 7 months. 

The various relationships between the 
originally learned discriminations and 
the corresponding test problems are 
shown in Tables 2-4 (6). "Success- 
ful" means that the dolphin immedi- 
ately made ten correct responses in the 
test situation. "Unsuccessful" responses 
are chance or near-chance performance 
in response to the test patterns. There 
were no real intergrades. The dolphin 
either passed the ten-trial test or failed 
it. Of 14 such tests illustrated in 
Tables 2-4, the dolphin passed ten and 
was unsuccessful in four. 

In Table 2 are represented three 
tests in which only the negative stimu- 

Table 4. Tests in which both positive and neg- 
ative stimuli were changed. (Here the posi- 
tive stimulus for each pair is at left, the 
negative stimulus at right.) 

Stimulus 
Subject's 

Original Test response 
pair pair 

Successful 

Successful 

Unsuccessful 
:i~i~ii::~l~~i~i~i~ j~i~i~i~'~ -.it... ............ .. ..... 

m":""'--"": ' " "' :':"....'.Unsuccessful 

Unsuccessful 

. .. . ........ . ....:::~? U su ces fu .... . . . ....... . ...f's;5: ,,,:~~:~::s:~;:;:~......... .....~:~: 



lus was changed (7). It can be argued 
in such instances that the subject was 
simply approaching the positive pattern 
and ignoring the negative. Against this 
interpretation, however, are the re- 
sponses to the tests of Table 3, in 
which the positive form was changed 
but the negative remained constant. In 
these cases, one may say, the animal 
was only avoiding the negative stimulus 
in going to the various positive stimuli. 
Yet neither of these arguments holds 
for the forms of Table 4, where both 
of the test stimuli differed from those 
in the originally learned pair. 

The dolphin passed two of the tests 
of Table 4 but failed four of them. 
Those which it failed, it appears, re- 
quired stretching of an association or 
transposition beyond the animal's capa- 
bility. Probably the dolphin could have 
learned to make the discriminations 
which it failed to make in these tests 
had it been given regular training in 
doing so, but in the "unsuccessful" re- 
sponses of Table 4 the stimuli were 
not recognized as being related to the 
learned pairs. 

Although the literature on the prob- 
lem-solving abilities of other animals 
is extensive, few studies have been 
made under conditions sufficiently like 
those described here to permit valid 
comparison. The work of Kltiver (8) 
with monkeys and that of Robinson 
(9) on chimpanzees is indirectly re- 
lated to our studies. Each of these in- 
vestigators trained his subjects with one 
set of visual stimuli and tested them 
with others. Kliiver's tests were based 
on discrimination of size differential 
between paired visual designs, and 
Robinson's, on discrimination of same- 
ness and differences between three- 
dimensional objects. After a subject 
had mastered the common principle in- 
volved, it could perform test problems 
by applying the principle to them. On 
the other hand, the dolphin in our 
tests had no single rule or principle by 
which to make the transfer from the 
originally learned pairs to the corre- 
sponding test pairs; the arrangement 
was more complex than one in which 
the same rule is followed in multiple 
situations. 

The studies by Rensch (10) on a 
5-year-old Indian elephant are prob- 
ably closest to our studies with the 
dolphin. When tested in a two-choice 
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(9) on chimpanzees is indirectly re- 
lated to our studies. Each of these in- 
vestigators trained his subjects with one 
set of visual stimuli and tested them 
with others. Kliiver's tests were based 
on discrimination of size differential 
between paired visual designs, and 
Robinson's, on discrimination of same- 
ness and differences between three- 
dimensional objects. After a subject 
had mastered the common principle in- 
volved, it could perform test problems 
by applying the principle to them. On 
the other hand, the dolphin in our 
tests had no single rule or principle by 
which to make the transfer from the 
originally learned pairs to the corre- 
sponding test pairs; the arrangement 
was more complex than one in which 
the same rule is followed in multiple 
situations. 

The studies by Rensch (10) on a 
5-year-old Indian elephant are prob- 
ably closest to our studies with the 
dolphin. When tested in a two-choice 
situation, Rensch's elephant learned to 
discriminate 20 different pairs of fig- 
ures. Rensch also tried altering some 
of the learned pairs (the method em- 
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ployed in our tests) and found that 
the elephant could transpose the learn- 
ing to test pairs which were changed 
in various ways. Rensch believes (as 
we believe in the case of the dolphin) 
that his subject could, with additional 
training, have learned the correct re- 
sponse to many more pairs. 

WINTHROP N. KELLOGG 

CHARLES E. RICE 

Stanford Research Institute, 
Menlo Park, California 
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Drug Administration to Neonatal Rats: Effects on Later 

Emotionality and Learning 

Abstract. The effects of extra stimulation during postnatal days 2 to 4 in rats 
are mitigated by the injection of either norepinephrine or chlorpromazine prior 
to the stimulation. Behavioral changes in locomotion and defecation occurred in 
the open field, and there were changes in speed and accuracy of learning a simple 
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Abstract. The effects of extra stimulation during postnatal days 2 to 4 in rats 
are mitigated by the injection of either norepinephrine or chlorpromazine prior 
to the stimulation. Behavioral changes in locomotion and defecation occurred in 
the open field, and there were changes in speed and accuracy of learning a simple 
maze problem. 

There is a substantial amount of 
evidence to indicate that extra stimula- 
tion, when experienced during infancy, 
has profound effects on adult behavior. 
In many of the studies from which sig- 
nificant results have been obtained, the 
neonate was stimulated physically (by 
handling, mechanical rotation, loud 
sounds, or temperature variations, and 
so forth) and the animals became less 
emotional and more resistant to stress. 
The mechanisms by which these effects 
are mediated have remained unexplored. 

It has been generally accepted that 
when an organism encounters a sudden 
or marked environmental change, or an 
emergency situation, there results a 
massive autonomic response (1). The 
organism is mobilized to a "flight or 
fright" response by the sympathetic di- 
vision of the autonomic nervous system. 
Extra stimulation in early infancy may 
represent such a situation. 

The pituitary-adrenal axis appears to 
be essential for the adult stress response; 
little is known of the biological basis 
of the infantile stress response. Pitui- 
tary and adrenal responsiveness to stim- 
ulation has been demonstrated in infant 
rats. However, there is still some ques- 
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tion as to the age at which there is a 
functional unity of the axis (2). Re- 
gardless of whether or not there is 
complete maturation of the axis, it is 
possible that even partial activation of 
this system may alter enzymatic proc- 
esses which could produce long-term 
impairment of the physiological mech- 
anisms upon which the adult animal 
depends for stress reactivity and emo- 
tional behavior. 

One approach to the study of this 
problem is to inject the neonate with 
hormones which initiate the stress syn- 
drome while systematically manipulating 
the environment. As a second approach, 
which we devised for exploring the 
mediation of early experience on later 
behavior, we injected chlorpromazine, 
following Killam's suggestion (3) that 
chlorpromazine may enhance the cen- 
tral filtering-out of afferent impulses. 
Our experiment was designed specifi- 
cally to examine the effects of infantile 
extra stimulation, the injection proce- 
dure, the pharmacological treatment, 
and the possible interactions between 
the extra stimulation and pharmaco- 
logical treatment on later emotional 
and learning behaviors. 
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