
Table 1. Association of dysplasia and con- 
traceptive choice prior to use. For the pill 
and IUD only, X2 =7.31, P<.01. For the 
pill, IUD, and other methods, X2 = 9.16, P< 
.005. 

Contraceptive 
Dysplasia IUD Diaphragm 

and other 

Present 122 39 5 
Absent 1354 731 135 

Table 1. Association of dysplasia and con- 
traceptive choice prior to use. For the pill 
and IUD only, X2 =7.31, P<.01. For the 
pill, IUD, and other methods, X2 = 9.16, P< 
.005. 

Contraceptive 
Dysplasia IUD Diaphragm 

and other 

Present 122 39 5 
Absent 1354 731 135 

city area. The main criteria for eligi- 
bility are that the women are new to 
the family planning program and that 
they have previously not used the con- 
traceptive pill. There is free choice of 
contraceptive methods and, in this pop- 
ulation, the pill and the IUD are by 
far the most popular. Ideally, the agent 
to be tested is assigned at random. This 
is not practicable in contraceptive stud- 
ies, since women express strong prefer- 
ences and will not continue a method 
on an assigned basis if they prefer an- 
other one. 

As a first step in dealing with pos- 
sible differences related to selection of 
birth control methods, we investigated 
some characteristics of pill choosers 
and their controls at the time of entry 
into the study. The results are based 
on information from history, physical 
examination, and Papanicolaou smear 
test obtained at the first visit. Other 
investigators have related choice of 
contraceptive to demographic charac- 
teristics (5). In the current study, 
women choosing the pill differed from 
those choosing IUD's in having a 
higher income and lower body weight, 
but no further differences were found 
over a wide range of demographic and 
biomedical characteristics, including re- 
ligion, ethnic group, age, age at first 
intercourse, age at first pregnancy, and 
number of children. 

A significant association of dysplasia 
was found with choice of the contra- 
ceptive pill compared to choice of the 
IUD, or of the IUD and other methods 
(Table 1). The higher prevalence of 
dysplasia in women choosing the pill is 
apparently not attributable to demo- 
graphic characteristics since those with 
dysplasia were comparable in age, race, 
and income to a sample of women with- 
out dysplasia. 

In a recent study, a higher preva- 
lence of cervical cancer was reported 
for women using the pill as opposed 
to the diaphragm (6). Implicit in the 
study was the assumption that differ- 
ences in susceptibility to cervical can- 
cer prior to use of a contraceptive 
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method are random and therefore not 
factors in the carcinogenic process. Our 
results indicate that such an assumption 
may not be entirely warranted. The 
higher prevalence of dysplasia in 
women choosing the pill suggests that 
prior differences in susceptibility to 
cervical cancer may explain the correla- 
tion between use of the pill and cervi- 
cal cancer reported in the Melamed 
study. 

The implications of this study are 
several. First, among a relatively ho- 
mogeneous population selecting alter- 
native methods of birth control, there 
were significant differences prior to use 
between women choosing the pill and 
those choosing the IUD. Second, the 
differences in prevalence of dysplasia 
are not fortuitous although it is diffi- 
cult to connect them with the decision- 
making process involved in the choice 
of a contraceptive method. Finally, the 
decision-making process among the 
women in this population has recently 
been profoundly affected by the Senate 
hearings on the alleged harmful conse- 
quences of the pill (7). Women who 
would have chosen the pill are now 
opting for the IUD or diaphragm. 

The results in this study were ob- 
tained prior to the hearings, but the 
emotional heat generated by them is 
already producing a bias in the study's 
continuing phases. Thus, if there was 
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Sea lions (Zalophus californianus) 
are capable of learning to emit under- 
water click vocalizations in the pres- 
ence of visual cues (1). Aerial as well 
as underwater barking by Zalophus 
males can be suppressed, with the de- 
gree of suppression dependent upon 
the social context (2). Thus, extero- 
ceptive cues to the visual or audi- 
tory channel can exert strong control 
over the emission of these sounds by 
Zalophus. How subtle can these cues 
be and still maintain control over the 
sound production? Can a wide variety 
of stimulus configurations be used to 
acquire control over underwater sound 
production? Can discriminative con- 
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trol of vocal behavior be used to de- 
termine the absolute or differential 
sensitivity of Zalophus to certain as- 
pects of its environment? 

This paper describes several experi- 
ments in which a sexually mature male 
(Sam) and a sexually mature female 
(Bibi) Zalophus were trained to emit 
a burst of short-duration sound pulses 
or clicks when viewing targets consist- 
ing of black and white stripes, and to 
remain silent when viewing a target 
that appeared flat gray. To our knowl- 
edge, this is the first report of a thresh- 
old determination for a nonhuman ani- 
mal by means of a conditioned vocaliza- 
tion technique where shock was not 
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Conditioned Vocalizations as a Technique for 

Determining Visual Acuity Thresholds in Sea Lions 

Abstract. Aerial visual acuity and underwater visual acuity were measured in 
two sea lions (Zalophus californianus) by training them to emit click bursts if 
they saw a striped target or to remain silent if they saw a gray target. The closest 
grating spacings that could be resolved both in air and under water subtended 
a visual angle of 5.5 minutes of arc at a distance of 5.5 meters. 
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used as an unconditioned stimulus. 
By training the animal to keep its 
head in a fixed position while mak- 
ing the discrimination and by vary- 
ing the width of the stripes, we were 
able to estimate the finest detail ca- 
pable of being resolved by the eye of 
the sea lion which could be communi- 
cated to the experimenter by means 
of a vocal signal. Threshold data were 
acquired in this manner in air and 
under'water at several distances, thus 
allowing a direct comparison of visual 
acuity in the two media. This com- 
parison is particularly important since 
several observers have suggested that 
the eye of Zalophus is especially 
adapted for seeing under water and 
that the visual acuity of this species in, 
air, even in daylight, is of a relatively 
low order (3). 

Although both animals were given 
similar training, techniques were per- 
fected with Sam. First, underwater 
clicks were instated by the frustration 
technique (1), that is, reinforcement 
was withheld while the animal worked 
at a target-pressing task-an act that 
hitherto had yielded a fish reward. 
This quickly led to the production of 
click bursts, which were promptly re- 
inforced with a piece of fish. Next, the 
vocalization was brought under the 
control of a size cue (1). Vocalizing 
in the presence of a large target was 
reinforced, and remaining silent in the 
presence of a small target was also re- 
inforced. Thus, vocalization or silence 
in the presence of the appropriate tar- 
get defined a correct response. In order 
to ensure adequate visual orientation 
by the animal and to keep its head 
in a fixed position while it was re- 
sponding to the discriminative stimuli, 
it was next trained to place its head 
on a headrest while viewing discrimi- 
native stimuli. Control of vocalizations 
was then transferred from size to form 
(triangle and circle) by a progressive 
training or fading technique (4). Fi- 
nally, multiple stimulus control was 
obtained with the sea lion emitting a 
signal under water that indicated on 
each of 72 problems whether it 
could discriminate between different 
patterns. One pattern was arbitrarily 
designated as requiring vocalization 
and the other as requiring silence for 
a 5-second period. The first 12 prob- 
lems consisted of configurations differ- 
ing only in shape, whereas the next 60 
patterns differed in both size and shape. 
The learning criterion for each prob- 
lem was 18 consecutive correct re- 
sponses. The median errors to criterion 
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Fig. 1. Zalophus viewing variable acuity 
target in air. 

of the first 12 problems was 73, on 
the next ten problems it was 30, and 
on the final ten problems it was 29. 

Before obtaining thresholds on the 
two sea lions with a series of black 
and white stripes, we conducted a pre- 
liminary experiment in which Sam was 
trained to emit clicks when it saw a 
broken rectangle and to remain silent 
when it saw an unbroken rectangle 
(10 cm long and 1.5 cm wide). With 
these test patterns the minimum dis- 
criminable visual angles both under 
water and in air were estimated to be 
approximately 2 minutes at a distance 
of 4.5 m. However, in light of our 
subsequent results, and in accordance 
with a recent discussion by Riggs (5), 
it is likely that in using such stimulus 
configurations, we were not measur- 
ing visual acuity uncontaminated by 
intensity discriminations. During the 
next series of experiments, stimulus 
configurations consisted of acuity grat- 
ings produced from photos of Ronchi 
rulings in which the width of the lines 
varied from coarse to fine. In this 
way, visual acuity, which has been de- 
fined as the spatial resolving capacity 
of the visual system (6), could be 
specified in terms of the angular width 
of the stripes of the finest grating that 
could be resolved. 

The animals were not fed for 20 
hours before a test. Testing was con- 
ducted outdoors between 8 a.m. and 
12 noon, in an oval tank, 4.6 by 9.1 
by 1.8 m deep, constructed of redwood 

and painted white. Acuity targets were 
produced from 12.7-cm2 photos of 
Ronchi rulings with black and white 
stripes of equal width. The standard 
grating consisted of 300 lines per inch 
(118 lines per centimeter) (0.05 mm 
in width). The lines were invisible to 
the human eye without the aid of a 
lens and the grating appeared as a flat 
gray. Variable gratings consisted of 
lines varying in width from 25.4 mm 
to 2.3 mm. When compared with the 
standard at distances at which the lines 
could not be resolved, three human 
observers reported that the variable 
gratings were indistinguishable from 
the standard grating. 

The horizontal gratings were lami- 
nated within sheets of 22.8-cm2 clear 
plexiglass with a black frame surround- 
ing the acuity grating. These plexiglass 
squares could be slipped into a 26.7- 
cm2 black aluminum frame. When the 
stimulus was presented the animal saw 
a 12.7-cm2 acuity grating with a large 
black border surrounding it (see Fig. 
1). Ambient light around the stimulus 
display area was measured with a pho- 
tometer (Scientific Enterprises, Inc.) 
from behind the back window of the 
tank. Acuity targets were always pre- 
sented in the shade of the testing plat- 
form. When the tank was filled with 
water, the readings were 130 mlam on 
clear days and 85 mlam on overcast 
days; when it was not filled with water, 
the readings were 200 mlam on clear 
days and 150 mlam on overcast days. 

A "correct" response was defined as 
either emitting a burst of clicks in the 
presence of the variable stimulus, or 
remaining silent in the presence of the 
standard stimulus. Sam was required 
to remain silent for 5 seconds. Bibi 
was required to remain silent for only 
3 seconds. The change in response for 
Bibi was necessitated by the fact that 
when she remained silent she jerked 
her head back and forth and moved 
forward toward the target. These 
movements only occurred while she 
was silent. If an animal produced a 
burst of clicks, it would usually do so 
within less than 0.5 second after stimu- 
lus presentation, which was always by 
the successive method. Two experi- 
menters worked from behind an 
opaque screen, presenting stimuli, re- 
cording responses, observing the animal, 
and reinforcing all correct responses. 
Sound production was continuously 
monitored by means of a hydrophone. 
The same procedure for testing visual 
acuity was used under water and in 
air, the only difference being that in 
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air the water level of the tank was 
lowered so that the targets were in air 
and the animal's eyes remained in air 
while the neck and the rest of its body 
remained in water. Although the ani- 
mal's mouth was out of water in the 
aerial testing, its neck was in water 
and click vocalizations made by sea 
lions with their mouths closed and out 
of water may still be projected under 
water by the larynx and be picked up 
by a hydrophone. 

The visual acuity studies consisted 
of three phases. First, the standard 

target and a variable target with stria- 
tions 25.4 cm wide were presented and 
the sea lions were reinforced for vo- 

calizing and remaining silent to the 

appropriate targets. Once stimulus con- 
trol of vocalization was obtained with 
this target, it was gradually shifted to 

targets having finer striations. Such 

gradual shifting of stimulus control 
from relatively easy to more difficult 
discriminations within a given stimulus 
dimension has proved to be an ex- 

tremely valuable technique in the 

training of many different animals, in- 

cluding sea lions, in psychophysical 
experiments involving traditional motor 

responses (such as pushing a target 
manipulandum) in that it tends to 
decrease or eliminate emotional be- 
havior and may teach the animal to 
attend to both the location and the 
nature of the critical cue (7). 
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d underwater visual acuity minutes of visual angle, with little dif- 
tes of visual angle. ference between aerial and underwater 
lion Sam Sea lion Bibi performance. 

Water Air Water During the final phase, acuity thresh- 
olds were obtained by the psycho- 5.8 6.1 70 

5.8 7.8 6:1 physical method of constant stimuli. 
4.6 4.8 5.0 After a ten-trial warming-up period, with 
4.8 5.0 4.7 a suprathreshold target, each of four 
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5 
variable gratings with line widths as 
listed on the top of Fig. 2 was paired 
randomly with the standard for ten 

rase a modified method consecutive trials. The pairings were 
sed to obtain a range repeated within each session for a 
ts necessary for esti- total of 90 trials per test session. A 
ds during the final total of 20 sessions were held with 
idy. At the beginning testing in air and water alternated 
n, performance in air daily. Thresholds were obtained at 
ore erratic than it was three distances in the following se- 

both animals showed quence: 3.1, 5.5, 1.9, and 5.5 m. Thus, 
:tice effect only during two separate thresholds were obtained 
lerefore, a warming-up at 5.5 m. 

in tests in air, with Visual acuity threshold curves are 
:ing required to per- shown in Fig. 2. In general, there ap- 
rcent level of accuracy pears to be little difference between 
ig to the more diffi- underwater and aerial acuity at the 
ns during a given test closest and farthest distances mea- 

sured. However, at the middle dis- 
results suggest that tance, 3.1 m, performances were sig- 

to orient to visual pat- nificantly better under water than in 
Jr rate in air than it air. The poorer aerial acuity at 3.1 m 
r, which may be the may be accounted for by the fact that 
ralists have suggested the animals were tested by the method 
vision of this species of constant stimuli for the first time at 
y poor (3). When per- that distance. Performances were best 
lized, threshold esti- at 5.5 m (see Table 1) and may have 
zeted between 5 and 8 been related to latency of vocalization. 

Although we made no measurements 
of the speed of vocalization, our gen- 
eral impression was that the animal 
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and 0.10, respectively, for Bibi and 
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_ ! t ~ . 
and false alarm probabilities were 0.35 

_ {-// _ and 0.14 for Bibi and 0.30 and 0.17 
for Sam. Thus, when the sea lions had 

5.5 m difficulty resolving grid lines, they re- 

9.5 4.0 5.5 6.5 8.0 ported this by generally remaining si- 
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water where the cornea plays no role 
in focusing an image on the retina 
(9), the relationship between the po- 
sition of the retina and the refractive 
strength of the lens is such that the 
animal will have a sharp retinal image. 
On the other hand, in air where the 
cornea makes the eye strongly myopic 
and astigmatic, the pupil closes down 
to a very narrow slit (stenopaic vision). 
Therefore, the refractive power of the 
cornea in the direction of the short 
axis of the slit is irrelevant since the 
narrow width acts as a pinhole, thus 
providing the eye with a huge depth 
of focus in that meridian. Although 
the optics of the cornea do play a role 
in the axis parallel to the length of 
the slit, the astigmatism in that axis 
combined with the spherical power of 
the cornea makes the eye approxi- 
mately emmetropic in that meridian. 

In terms of resolution of detail in 
moderate or good light, the under- 
water vision of Zalophus is similar to 
the aerial vision of the cat (10) and 
appears quite well suited for the de- 
tection and discrimination of food 
prey and predators as well as for the 
recognition of conspecific individuals 
or classes of individuals. The aerial 
vision of this species may also be used 
for these tasks, as well as for the rec- 
ognition of landmarks for purposes of 
migration. These statements are in- 
tended only to upgrade the relative 
importance of the visual channel of 
these behavioral functions, and not to 
downgrade the acoustic channel. Each 
sensory modality has its own special 
advantages and disadvantages (11), 
and, depending upon the situation, it 
is likely that pinnipeds as well as other 
marine mammals use either the acoustic 
or the visual channel as a distance 
receptor, or use both channels by com- 
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manipulanda normally associated with 
the measurement of discriminative be- 
havior in these animals. When desired, 
a marine mammal may be trained to 
remain in a relatively fixed position 
for long periods of time without swim- 
ming to the manipulandum, or, on the 
other hand, well-placed hydrophones 
can pick up the controlled sound emis- 
sions of a free-swimming animal de- 
spite the relatively great distances that 
separate the animal and the source of 
the controlling stimuli. 
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Whether or not tolerance develops to 
marihuana and its active constituents 
continues to be debated. There is evi- 
dence that such tolerance develops 
both in animals (1, 2) and in man (3), 
but there is also conflicting evidence (4). 
Other evidence suggests that man 
can become more sensitive to some of 
the effects of marihuana on repeated 
administration rather than tolerant to 
these effects (5). Our experiments show 
not only that a marked tolerance devel- 
ops to the behaviorial effects of an ac- 
tive constituent of marihuana but also 
that the rate, pattern, and degree of 
the tolerance development resembles in 
some respects that seen with narcotics. 

In our experiments, a procedure pre- 
viously employed to demonstrate be- 
havioral tolerance to narcotics in the 
pigeon (6), was used to demonstrate 
the development of behavioral toler- 
ance to l-A9-trans-tetrahydrocannabinol 
(A9THC), a constituent of marihuana, 
which has been shown to mimic the ef- 
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fects of marihuana (7). Two pigeons 
that had not received drugs previously 
were conditioned to peck a key for food 
under a multiple fixed-interval, 5-min- 
ute, fixed-ratio, 30-response (mult FI 
FR) schedule of food presentation (8). 
Under this schedule, in the presence of 
a blue key light, the 30th key peck (FR 
30) resulted in a 4-second access to 
grain. In the presence of a red key light 
the first key peck after 5 minutes (FI 
5) resulted in a 4-second access to 
grain. Key colors alternated after each 
presentation of grain. If the birds did 
not respond for 40 seconds after 5 min- 
utes had elapsed in the presence of the 
red key light, the schedule changed to 
the FR 30 component. If the birds did 
not make 30 pecks within 40 seconds in 
the presence of the blue light, the 
schedule changed to the FI 5 com- 
ponent. 

This schedule has been used to 
study the effects of drugs on be- 
havior (6, 9). The birds were injected 
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I-a9-trans-Tetrahydrocannabinol in Pigeons: 
Tolerance to the Behavioral Effects 

Abstract. A9-Tetrahydrocannabinol was injected daily, in increasing doses, in 
pigeons under a multiple schedule of food presentation. Within a week, a dose 
that initially abolished responding completely was without efject. This dose was 
gradually increased to 20 times its original value without disrupting the behavior. 
No withdrawal syndrome was detected when the cannabinol was discontinued. 
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