preference structure and a deficiency
in modulation of preferential reactions
by the retardates. The use of numerals
in estimation of magnitude, however,
does not offer an immediate explana-
tion. The median number of numerals
used by the retardates for the 30 ex-
cerpts is 15 (Q, 6.1) for the men and
10 (Q, 4.1) for the women; for the
normals, 11 to 12 (Q’s, 1.3 to 2.4).
Since the various number concepts
(such as equalization and seriation) of
the retardates include a mixture of
Piaget’s first three developmental stages
(6), the large variability of our retard-
ates in the use of numerals may reflect
the heterogeneity of these intellectual
processes. This measure, however, does
not correlate with the mental age or
internal consistency. Although only few
retardates seem to reach Piaget’s stage
of abstract operation, clearly they can

express meaningfully and consistently
their musical preferences by means of
numerals.

SooN Duk KoH
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Stimulus Control in Pigeons Based on Proprioceptive Stimuli

from Floor Inclination

Abstract. Two groups of pigeons trained to peck a dimly illuminated disc in an
otherwise dark experimental chamber with the floor horizontal (0° tilt) or inclined
30° to the left, respectively, show decremental generalization gradients of re-
sponse rate when the floor inclination is varied from its training position. Dis-
crimination training in which food reinforcement is available under one floor tilt
condition but not under another steepens the slope of such gradients. In a second
experiment, pigeons reinforced for pecking when the floor was tilted 10° or 20°
and not reinforced under the alternative condition showed steep gradients with
maximal responding displaced from the reinforced stimulus.

Proprioceptive feedback is widely as-
sumed to play a significant role in
mediating many types of learned be-
havior. Hull (/) posited propriocep-
tive stimulation as vital to serial learn-
ing. Hefferline (2) has shown that
proprioceptive feedback can function
as a source of discriminative stimuli.
More recently, attention has focused
on the relative contribution of proprio-
and exteroceptive stimuli in controlling
behavior in the free operant situation.
Hearst et al. (3), Blough (4), and
Thomas and Switalski (5) have sug-
gested that flatter stimulus generaliza-
tion gradients along an exteroceptive
dimension result when reinforcement
schedules are used in which response-
generated stimulation becomes a dis-
criminative stimulus for further re-
sponding. Presumably, internal and ex-
ternal stimuli compete for the control
of responding, and thus schedules which
emphasize the significance of response-
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produced stimulation necessarily do so
at the cost of reduced external stimulus
control.

The use of different reinforcement
schedules is one way of manipulating
proprioceptive stimulation. An alterna-
tive procedure for investigating stimu-
lus control by proprioceptive feedback
is to produce postural adjustments by
changing the inclination of the floor
on which the animal stands and ob-
serving subsequent changes in behavior.
By training birds to respond in a dark
chamber when the floor is inclined a
specified degree, and then testing un-
der other positions of tilt, it should
be possible to measure the control
gained by these postural cues alone.

The apparatus consisted of a stand-
ard Grason-Stadler pigeon chamber,
except that the floor, a refrigerator
shelf covered with Y2-inch (1Y4-cm)
hardware cloth, was mounted on a
shaft running lengthwise through the

midline of the chamber from the rear
wall to the front panel, on which the
pecking disc and feeder were mounted.
An external gear arrangement permit-
ted the floor to be smoothly rotated
into any angle of inclination between
0° and 30° in either direction from
horizontal. In the first experiment, only
changes in one direction were used,
that is, the left side lowered (and right
raised) the specified angular distance
from horizontal.

Seventeen experimentally naive hom-
ing pigeons were trained to peck an
illuminated disc in an otherwise com-
pletely dark chamber for variable-in-
terval reinforcement with a mean inter-
reinforcement period of 2 minutes
(V.I.-120 seconds). For eight of these
birds the floor of the chamber was al-
ways inclined 30° to the left, while
for the other nine the floor was in
the typical horizontal position. Initial
magazine training and response-shap-
ing took place on the designated floor
tilt. Daily training sessions were ap-
proximately 30 minutes in duration.
After approximately 13 days of V.I.—
120 seconds training, time-out periods
were introduced during which the
chamber was in complete darkness and
reinforcement was not available (6).
Time-out periods of 60 seconds were
randomly alternated with stimulus pres-
entation periods of 60 seconds. Dur-
ing the periods of stimulus presenta-

“tion the same V.I.-120 seconds sched-

ule remained in effect. After 3 days
of time-out training, the subjects were
tested in extinction for generalization
to floor inclinations of 0°, 10°, 20°,
and 30°. After a 5-minute warm-up
period under the original training con-
dition, these four stimuli were ran-
domized in a series, and 12 different
random series were presented to each
subject. Stimulus presentation periods
were for 60 seconds with intervening
15-second time-out periods. These
time-out periods permitted the experi-
menter to record responses and to ad-
just the floor inclination for the next
test period, while allowing subjects
time to recover from possible emo-
tional and vestibular effects of the
movement of the floor.

After the stimulus generalization test,
the subjects were given discrimination
training with the previous conditioned
stimulus as the positive stimulus (S+)
and the alternative condition (0° or
30°) as the negative stimulus (S—).
In daily training sessions each floor
position was presented 15 times for 1-
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minute intervals, in a random order,
with a 15-second time-out period in-
tervening between presentations. Re-
sponding during S+ was reinforced
on a V.I.-30 seconds schedule until a
criterion of responding 10:1
(St :S—) was met on two successive
days. The schedule was then changed to
V.I.-120 seconds, and after two more
consecutive days of criterion respond-
ing, another generalization test similar
to that reported earlier was admin-
istered. Meeting this criterion required
a median of 21 days (range, 9 to 32
days).

Stimulus generalization gradients on
each test were determined for each
subject in terms of percentage of total
responses made to each of the four
test positions. The group means of
these gradients under both training
conditions on both tests are presented
in Fig. 1. The test 1 data reveal that
changing the floor position away from
the training position reduces the rate
of responding. The gradient obtained
is significant (that is, response per-
centages differ significantly according
to an analysis of variance), regardless
of whether 0° or 30° was the con-
ditioned stimulus (p < .01 and p <
.025, respectively) (7). During the
course of generalization testing, the gra-
dients of both groups of pigeons be-
came steeper. This effect has been re-
ported for the wavelength dimension
(8) and it argues against an interpreta-
tion of the gradient in terms of the
novelty of the test stimuli.

The test 2 data indicate that dis-
crimination training results in a
markedly steepened generalization gra-
dient. All subjects in the experiment
generated a steeper generalization gra-
dient on test 2 than on test 1, that is,
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Fig. 1. Mean stimulus generalization gradi-
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second experiment.

a higher percentage of total responses
was emitted to the S+ value. That the
subjects can in fact distinguish a 10°
difference in tilt of the floor is indi-
cated by the differential response per-
centages now obtained at all values
on test 2.

Two effects of successive intra-
dimensional  discrimination training
have commonly been reported in the
literature, a steepening of the gradient
and a displacement of the peak (mode)
of responding from the S+ in a direc-
tion away from the S— (9). In the
first experiment only the former ef-
fect could be observed, since the gen-
eralization test was restricted to values
between S+ and S—. For this reason,
a second experiment was performed,
in which five experimentally naive
homing pigeons were trained to dis-
criminate between floor tilts of 10°
left and 20° left, in the same ap-
paratus and with the same procedure
employed in the discrimination train-
ing phase of the first experiment. For
three of the subjects, 10° was S+,
20° S—; for two, the reverse. Meeting
the 10:1 (S+ :S—) criterion required
a median of 33 days (range, 31 to
39 days). The generalization test in-
cluded all values from 30° left to 30°
right in 5° steps, randomized within
a series, with five different series ad-
ministered during the test. As in the
first experiment, stimulus presentations
were for 60 seconds with 15-second
time-out periods intervening. The re-

sults in every case, as shown in Fig. 2,
are steep gradients with the mode of
responding displaced from S+ in the
direction opposite S—.

These two experiments provide evi-
dence that stimulus control can indeed
be achieved through proprioceptive
feedback from floor inclination (10).
Such feedback does not merely pro-
vide a discriminative cue for operant
responding, but rather constitutes a
stimulus dimension along which experi-
mental manipulations affect responding
in the same manner as they do along
exteroceptive  dimensions  such as
wavelength and auditory frequency. '

Davib C. Riccio
MicHAEL URDA
Davip R. THOMAS
Kent State University,
Kent, Ohio 44240
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Taxonomic Status of Tree Shrews

The report by A. S. Hafleigh and
C. A. Williams, Jr. (I) again raises the
question of the taxonomic status of the
tree shrews. A comment on their find-
ings and on those of other recent stud-
ies seems appropriate. Van Valen (2)
has reexamined the evidence, with the
exception of the neuroanatomical evi-
dence, which has been thought to in-
dicate a primate status for the Tupaiidae
and has added some from his own
studies. He concluded that “. . . a
special tupaiid-primate relationship is
possible but unlikely and that the sim-
ilarities between Recent tupaiids and
primates are probably convergences
and primitive retentions.” McKenna
(3), after examining much of the an-
atomical evidence, concluded that the
tupaiids should be regarded as leptic-
tid-like insectivores, and that among
living nonprimates the tupaiids are the
closest primate relatives.

I have reexamined the neuroanatom-
ical evidence (4). With the exception
of relative brain size, all of the char-
acteristics cited by Le Gros Clark (5)
may be directly related to the fact that
tupaiids, other than Ptilocercus, have
an elaborate visual system. Tree shrews,
other than the nocturnal Ptilocercus,
are diurnal animals adapted to an ar-
boreal or scansorial way of life. Many
of the characteristics listed by Le Gros
Clark as indicative of primate affinity,
such as presence of a calcarine sulcus,
advanced development of certain ele-
ments of the thalamus, and downward
displacement of the rhinal sulcus, are
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found in an arboreal, nocturnal mar-
supial, Trichosurus vulpecula (6). A
great deal of emphasis has been placed
on the presence in the tree shrew
of a laminated, dorsal lateral geniculate
nucleus. Laminated, dorsal lateral genic-
ulate nuclei are found in all primates.
They are also found in some nonpri-
mates, including Trichosurus vulpecula.
Three separate studies (7) reveal that in

Tupaia glis uncrossed fibers from the

retina terminate in the innermost and
outermost laminae of the ipsilateral
nucleus ' (laminae 1 and 5), while
crossed fibers terminate chiefly in
laminae 2 and 4 (with a somewhat less
pronounced projection to laminae 3)
in the contralateral dorsal lateral genic-
ulate nucleus. This is the direct oppo-
site of the situation found in every
primate which has been examined (5).
This strongly suggests to me that the
elaborate visual system on which many
of the arguments for a primate status
for the tree shrews have been based is a
result of convergent evolution.

The fact that Tupaia has serum al-
bumin more like that of primates than
that of insectivores such as the hedge-
hog, as reported by Hafleigh and Wil-
liams, is not a new finding. Goodman
(8) has already reported this finding
and has given the same possible ex-
planation for it as that suggested by
Hafleigh and Williams. However, he
also reported that with antisera to
hedgehog and tree shrew sera, hedge-
hog and tree shrew sera showed
more correspondence to each other
than to any of the other nonprimates
and primates tested. When the cross re-
actions of the lower primates and non-
primates with antisera to human serum
proteins other than albumin (gamma
globulin and alpha, macroglobulin)
were tested, the lemur and galago de-
veloped larger cross reactions than did
the tree shrew and nonprimate mam-
mals. The major genera of primates,
including anthropoids and prosimians,
but excepting the tree shrew, Tupaia
glis, accept passive sensitization by
human atopic reagins whereas none of
the nonprimates do (9).

Much has been made of the fact
that tree shrews supposedly possess a
hemochorial placenta similar to the
anthropoid primates (70). Hill (/1)
has shown that several species of
Tupaia have an endotheliochorial
placenta unlike that of any primate.

The relationships of various primates

and nonprimates to man have been ex-
amined in a study of the homologies of
their polynucleotide sequences (/2). In
this study, the competition of unlabeled
DNA fragments from various primate
and nonprimate sources was examined.
Human DNA labeled with C'* and
unlabeled -human DNA  embedded in
agar was the indicating system. It was
determined that anthropoid ape DNA
fragments competed 94 to 100 per-
cent with the labeled human DNA;
New and Old World monkey frag-
ments, 83 to 88 percent; and prosimian
fragments, 47 to 65 percent. The com-
petition of DNA from tree shrews
was only 28 percent as compared to
that from the African hedgehog which
was 19 percent and that from the
mouse which was 21 percent. This data
essentially agrees with the generally ac-
cepted views on primate relationships.

I have attempted to indicate the
large number of recent studies whose
results indicate that a close relation-
ship between tupaiids and primates is
unlikely. The finding mentioned by
Hafleigh and Williams and previously
discovered by Goodman is inconsist-
ent with the bulk of recent evidence.

~There is no doubt that the inclusion

of the tree shrew as the most primi-
tive primate in the morphological se-
quence: tree shrew - lemur - tarsier -
ape - man is an attractive picture. Its
innate attractiveness may have been
in large measure rtesponsible for its
acceptance.

C. B. G. CAMPBELL
Department of Neurophysiology,
Walter Reed Army Institute of
Research, Washington, D.C. 20012
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