Monocular depth cues which are
hypothesized to be operative in the
Ponzo illusion and in size constancy
are acquired through experience (6). If
this is so, differential experience with
such cues should influence magnitudes
of the illusion (7). The Guam students
were of the same age and educational
level as the Pennsylvania subjects, but
they had spent their entire lives on the
island of Guam where the terrain is
markedly different from that of central
Pennsylvania. There are no railroads
on the island, vistas on land are short
due to hilly terrain covered by tropical
plant growth, and such individuals do
not normally view the kind of environ-
ments typified by the photographs used
in this study. The Guamanians do not
show the effects of context provided by
the photographic stimuli that the Penn-
sylvania students do (Fig. 2). The il-
lusory effect for the geometric figure
and the two photographs is essentially
the same, the function tending to re-
semble, at a significantly higher level
(F=156, df. =1 for 42 subjects, P
< .01), the data from Pennsylvania sub-
jects viewing inverted stimuli. The data
from island subjects are also different
from that of the Pennsylvania subjects
viewing upright stimuli (F =4.4, d.f.
=1 for 42 subjects, P < .05).

The Ponzo illusion is apparently one
manifestation of the general process by
which observers compensate for the
diminished retinal image size of more
distant objects. In actual viewing con-
ditions, size is signaled by a number
of cues in addition to stereopsis which
may include perspective as well as other
monocular cues such as the position
of the object in the visual field. Thus,
it seems that the more cues available,
the larger the magnitude of the over-
estimation or illusion. With the classic
or geometric Ponzo figure, an illusion
of 10 percent, which is only a frac-
tion of the real-life effect, is observed
in support of the hypothesis that the
two-dimensional illusion is a special
case representing the operation of only
one of the many cues available in
three-dimensional space. The influence
of familiarity is illustrated by rotation
of the figures which essentially elimi-
nates the effectiveness of the additional
cues provided by the full-tone photo-
graphs, but it has only a slight effect
on the abstract geometric figure (8).
The role of previous experience as a
factor in determining the utilization of
these cues is emphasized by their re-
duced influence among a group of sub-
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jects reared in a different physical
setting. Finally, the study of complex
cues and cross-cultural effects as factors
in the perspective illusion is facilitated
by the use of photographs. Such stimuli
are more sensitive to manipulation of
those variables of experience upon
which the illusion is assumed to be
based.
H. LeBowitz, R. BRISLIN

L. PERLMUTTER, R. HENNESSY
Department of Psychology,
Pennsylvania State University,
University Park 16802
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Rhesus Monkeys: Mating Season Mobility of Adult Males

Abstract. Groups of rhesus monkeys, heretofore described as closed social
units, experience a seasonal exchange of a portion of the adult males. Male
shifting corresponds with the season of mating, and results in copulation with
females of newly joined groups. This pattern is socially disruptive, but provides
opportunity for exchange of genetic material between groups of a region.

A portion of the adult male rhesus
monkeys (Macaca mulatta) in northern
India change groups during the mating
season. Macaque groups have previ-
ously been characterized as “closed,”
highly inbred social units, similar to
those described for savannah baboons
and certain other primate species (I).
Although intergroup transfer of males
is reported for the colony introduced
on Santiago Island in 1938 (2, 3) the
effects of the spatial limitations, high
population density, and intergroup
familiarity of Santiago Island on group
dynamics are not known.

Male shifts were studied for five
groups residing on the grounds of the
Forest Research Institute near the city
of Dehra Dun, These groups ranged
in size from 8 to 40 monkeys when
observations began (Table 1). The total
area of frequent use for all groups
equalled about 2.59 km2. Most of the
nearly 400 hours of observation were
evenly distributed between September
1965 and May 1966. Visits to the
area in the preceding 5 months were
irregular.

Transfers varied in details, but in
all instances the shifting male clearly
altered his patterns of foraging, rest-

ing, and travel to conform to those
of the group joined. In some of the
transfers, initial contacts consisted of
short visits, but once the above pattern
was established, it persisted from day
to day. The shortest observed transfer
lasted for 25 consecutive days. Al-
though the five groups in the study
area came into frequent contact, there
were no observed contacts by individ-
val animals apart from those of the
shifting males. Thus, the simplest cri-
terion for transfer is the sighting of any
individual male within the vicinity of
a group other than his group of origin.

The recorded transfers were some-
what complex (Table 2), involving
shifts of varying duration, and without
apparent relationship to group size or
age (excluding subadults) or rank of
the participating males. Four of the
five groups received at least one alien
male and all groups experienced de-
partures at some point during the ob-
servation period, but no more than a
single male from any one group shifted
permanently. The largest group in the
area (II) had the same contingent of
males at the end of the shifting period
as when it began. A small group (III)
was without a resident male for about
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6 weeks of the mating season. The
three females of this group experienced
estrus during this time and mated
with three different males from other
groups. In this instance, however, the
copulating males did not foresake their
group of origin, but mated during pe-
riods when whole groups came into
contact. The pattern here is one of
intergroup contact rather than male
transfer.

Shifts at least 1 month long were
seen for 4 of the original 12 fully adult
males. Shifts of similar duration are
reported to occur annually on Cayo
Santiago -for about one-third of the
males above 3 years of age (3). In my
study, none of the subadult males
shifted.

Two factors indicate that intergroup
exchange of males is related to repro-
duction. (i) The period of shifts cor-
responded to the season of copulations.
Mating activity for the 1965-66 season
began in mid-October, peaked in No-
vember, and became relatively infre-
quent by late January. Correspondingly,
all male shifts occurred between 21 Oc-
tober and 24 January, excepting the re-
turn of one male to his original group
in March. (iij Males who changed
groups completed copulations with fe-
males of the groups newly joined in all
instances save one, The one male which
joined two different groups copulated
with females in both in addition to his
group of origin.

Male shifting is accomplished only
after a transition period during which
groups show their intolerance of the
intrusion. During this period the in-
truding male usually remains at a dis-
tance of some 100 m from the group
periphery. From this distance he en-
gages in an exchange of branch shak-
ing and threats with resident males. On
three occasions, however, shifting males
approached the periphery and copu-
lated with resident females during the
early stages of transfer. Although sub-
jected to harassment, these copulations
were carried to completion. Actual
fighting between males in such situa-
tions was observed only once, but the
occurrence of a number of severe
wounds in adults of both sexes during
transition periods suggests it may have
been more frequent.

In most transfers hostile responses
toward aliens abated after 3 to 4 days
of continuous contact. The one excep-
tion to this pattern involved a male
who was invariably greeted with hos-
tility for a 25-day period of continuous
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Table 1. Composition of groups of rhesus monkeys Macaca mulatta on the grounds of the
Indian Forest Research Institute at Dehra Dun as of September 1965.

Group Adult S‘:E:gglt Juveniles Infants
Males Females*
I 3 10 1 8 10
1 ‘ 4 11 1 14 10
1 1 3 0 2 2
\'% 4 9 1 8 4
VI 1 4 0 3 2

* Include subadult females, all of which gave birth in the spring. The single adult male of Group

III disappeared in late October.

peripheral association. At this point
the male shifted to the small all-female
group (III) and remained as its leader
to the end of the study.

In addition to the disruption directly
provoked by the appearance of alien
males, there is evidence of social in-
stability within groups as a result of
male departure. This was particularly
clear in a multimale group (I) whose
leader switched to a smaller, single
male group (VI). In subsequent weeks
the No. 2 male failed in virtually every
attempt to police intragroup disputes,
often being driven from the central
part of the group by the combined
attack of several females. It was not
until the No. 1 position was filled by
a male from another group that regu-
lation of intragroup disputes was re-
stored.

Koford (3) reports that male shift-
ing in the Cayo Santiago colony bears
no apparent relationship to age of adult
males, or to the size, sex ratio, or
identity of the different groups. Rank
of shifting males is not discussed in
his report, but my sample is diverse
in this respect. Although the males who
shifted permanently in this study
copulated at a significantly higher fre-
quency per observation hour (4) than
males who did not shift, there is no
certainty that opportunities for copula-
tion were increased by shifting. The
near similarity of adult sex ratios in
all five groups (Table 1) meant that
males had potentially equal access to

receptive females, and such males, fur-
thermore, generally mated with females
in their group of origin before they
joined other groups.

Regulation of the process of inter-
change of males is therefore complex
in nature, but may be related primarily
to the strength of a male’s ties to his
group. Longitudinal studies are re-
quired to verify this hypothesis, and
data from Cayo Santiago have shown
that a male’s attachment to his group
may be affected by presence or ab-
sence of his mother, the mother’s rank,
or by his success or failure in attain-
ing a position of leadership (3, 5). Con-
tact between groups in my study oc-
curred periodically, and provided an
opportunity for males to become aware
of receptive females in other groups.
The consort association which is typi-
cal of mating pairs constitutes a tem-
porary loosening of attachment, last-
ing for several hours and at a distance
of up to 200 m in some cases. Consort
patterns of this nature are not limited
to males who otherwise maintain pe-
ripheral associations with the group,
but often include high-ranking males
as well. Eventual and final separation
for some males may be an extension
of the spatial relationships of consort
behavior, particularly when other
groups are in the immediate vicinity.
Females do not participate in final
separation, having strong ties to off-
spring and other relatives in their natal
group (6).

Table 2. Record of group changes by adult male rhesus monkeys Macaca mulatta on the
grounds of the Indian Forest Research Institute at Dehra Dun. Changes noted as permanent

extended to the end of the study.

Date . Males in

Male identity griﬁgg consum- l?)l;r:ﬁli?tn groups

mated joined
No. 1, Group I VI 10/21 Permanent 1
Single, Group VI II 11/11 25 days 4
III 12/6 Permanent 0
No. 3, Group V I 11/18 Permanent 2
No. 4, Group II I 12/2 102 days 3
Young male, unknown origin II1 1/24 Permanent 1
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These observations show that op-
portunity for exchange of genetic mate-
rial between all five groups of the re-
gion was present. An occurrence of
this nature, based on observations from
a single area, could be attributed to
some unusual characteristic, such as
high population density, were it not
for evidence from other areas which
indicates a pattern of widespread oc-
currence. In addition to the five groups
considered in this report, I observed
male shifts in a forest habitat 11 km
away, with much lower population
density. Neville (7) also reports the
appearance of alien males during the
mating season for groups in the Hald-
wani area, more than 150 km to the
east. These observations, together with
the persistence of this phenomenon on
Cayo Santiago over several years, indi-
cate that annual shifting of males be-
tween groups is basic to the species.

Composition of groups of rhesus
monkeys is basically stable, and con-
tacts with extragroup animals are an-
tagonistic and unfriendly. Less than 4
percent of the total population in the
study area changed groups, but this
percentage is significant, for it consti-
tutes fully one-third of the original
adult males. It is doubtful if the trans-
fer of adult females or immature in-
dividuals of either sex would be as
costly in terms of social disruption. The
theory that sexual attraction promotes
group cohesiveness has been criticized
on the basis that group composition
is stable in those primate species which
mate seasonally (8). In this species sex-
ual attraction apparently extends across
group boundaries, resulting in a limited
redistribution of adult males.

An important consequence of inter-
group transfer by adult males is the
dissemination of genetic material
among the groups of a region. The
rhesus monkey has a vast geographical
distribution, extending from eastern
Afghanistan across much of the south-
ern part of China (9). It is unlikely
that populations from the extremes of
this range would show only relatively
minor phenotypic variation if groups
were as impermeable to gene flow as is
commonly believed. Furthermore, in-
breeding is generally considered to re-
duce the evolutionary potential of a
species through a reduction of genetic
variation.

D. G. LINDBURG
Department of Anthropology,
University of California,
Davis 95616
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Hearing, Single-Unit Analysis,
and Vocalizations in Songbirds

Abstract. Auditory neurons in the
avian cochlear nucleus are systemati-
cally arranged according to their best
frequencies. The thresholds of single
auditory neurons at their best frequen-
cies match the thresholds of hearing
obtained by behavioral methods for the
same frequencies. The upper range of
single-unit best frequencies shows dis-
tinct interspecific variation which is
correlated with the differences in the
range of vocal frequencies. Most song-
birds do not seem to produce frequen-
cies below 1 kilohertz but can hear
them.

Bird vocalizations have become
popular examples of auditory com-
munication in animals. One of the most
important prerequisites for communica-
tion is discrimination of signals. So
far we have not been able to answer
even the most basic questions, such as:
“Can birds use the entire frequency
range of their vocalizations in signal-
ing?” and “What is the sensitivity of
the bird’s ear, and how is it related to
the distance-transmission of its vocal
signals?” This report shows how single-
unit techniques can provide some of
the information essential for answering
these questions.

Birds were anesthetized with urethan.
The cerebellum was removed by suc-
tion so as to expose the floor of the
fourth ventricle where the cochlear

nuclei are visible. Tungsten microelec-
trodes were used to record single -units
in the cochlear nucleus. The electrode
was placed on desired points in the
nucleus under a Zeiss operating micro-
scope with the aid of a head holder-
electrode carrier assembly. Tone bursts
100 msec in duration were used as
stimuli. The thresholds of auditory neu-
rons were judged by the rate of dis-
charge which was monitored both visu-
ally and acoustically (I). All experi-
ments were conducted in a soundproof
room.

Different auditory neurons, whether
primary or secondary, respond to dif-
ferent ranges of frequencies. The
frequency to which a fiber shows the
lowest threshold is called the best fre-
quency of that fiber. Systematic explo-
ration of the cochlear nucleus shows
orderly sequences of best frequencies,
as expected from the pattern of termi-
nation of primary auditory fibers. High,
intermediate, and low best frequencies
correspond to fibers innervating, re-
spectively, the basal, middle, and apical
parts of the basilar membrane (2).
This arrangement enables us to deter-
mine the range of best frequencies
quickly and systematically. The range
of best frequencies, especially at its
highest limit, varies distinctly from
species to species. The avian cochlear
nucleus consists of two major sub-
divisions, nucleus magnocellularis and
nucleus angularis. In all cases the high-
est best frequency encountered in the
nucleus magnocellularis is about 2 khz
lower than that found in the nucleus
angularis (3).

Now let us investigate whether
single-unit best frequencies are related to
audible frequencies. In the cat the range
of single-unit best frequencies and that
of audible frequencies determined by
behavioral methods are in excellent
agreement. Interestingly, the Ilowest
thresholds of single primary units at
their best frequencies coincide with the
audibility thresholds for the same
frequencies (4).

The above correlation seems to hold
also for songbirds, even when the
thresholds of second-order neurons are
used. Figure 1 presents a comparison
of an audibility curve averaged for four
birds (5) and the distribution of single-
unit thresholds from one canary
(Serinus canarius). The behavioral and
the single-unit data are in good agree-
ment except for the highest- and lowest-
frequency regions. These differences
can be easily explained by the fact that
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