
orthogonally oriented, moving grating 
pattern on a red background. When the 
eye viewing the red field was sup- 
pressed, Breese reported that the mov- 
ing grating from that eye was perceived 
in conjunction with the pattern and color 
of the dominant eye. (The color informa- 
tion from the suppressed eye was lost 
but not the contour information.) It 
seems reasonable that the loss of color 
information from the suppressed eye re- 
flected the inhibitory actions of binocu- 
lar rivalry on the opponent-color mecha- 
nisms originating in the suppressed eye 
and that the perception of the moving 
contours reflected the activity of lumi- 
nance mechanisms that respond well to 
stimulation at high temporal frequencies 
(12) and whose sensitivity is relatively 
unaffected by binocular rivalry. 

With respect to  more current investi- 
gations of binocular rivalry, it also seems 
likely that the differential attenuation of 
opponent-color information contributed 
to the rivalry-induced alterations in per- 
ceived hue, purity, and brightnesr of 
binocular color mixtures recently quanti- 
fied by Makous and Pulos (5). 
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Rotational Invariance in Visual Pattern Recognition by 

Pigeons and Humans 

Abstract. Pigeolis and hirmans chose ~ , h i c h  one of tivo ci1ternriti1.c ~ ~ i s ~ i a l  forms 
was idetitical to, or a mirror image of,  a pretioiisly presented samplc,fi)r.t?~. The tnso 
comparison fbrms were presented in variou.~ orientcrtions ~t'ith respect to  the srrmple. 
The two species yielded similar accuracies, but altho~igh l~rrrn~itl r.rrzc,tion times 
depended linearly on the angular disparities, those of the pigeon did not. Hirtnci/i.s 
appeared to apply a well-known, thoughtlike, mental rotcitioti procediire to the 
problem, whereas pigeons seemed to rely on a more eficient airtornatic proce.7.s th~i t  
humans can rtse only in simpler rotationcrl invaricrnce tasks, ~Wir.ror-imcige for.ms tnay 
be better discriminated by the pigeon's visucil system than by the hiimun one. 

The visual recognition of objects 
regardless of their relative spatial orien- 
tation is a competence that humans use 
constantly. Research on this capability 
has accordingly a long history ( I ) ,  and 
individual proficiency in it is assessed by 
several intelligence and aptitude tests 
(2). Certain feats of rotational invariance 
are believed to implicate cognitive skills 
and to involve mental imagery (3). AI- 
though casual observations of higher ani- 
mals dealing with objects force one to 
assume that they are capable of visual 
rotational invariance, a formal demon- 
stration seems to be lacking (4). An 
animal model would be useful for the 
study of the mechanisms underlying 
these operations, which even robot engi- 
neers find cumbersome to implement (5). 
We now report that pigeons are more 
efficient than humans at recognizing cer- 
tain two-dimensional visual patterns 
regardless of their orientation in the fron- 
tal plane. 

Ten adult homing pigeons (Coliimba 

livia) were maintained at 85 percent of 
their normal weight throughout the ex- 
periment. A Skinner box with three keys 
was used. Stimuli were presented by 
projector, the display on the individual 
keys being controlled by shutters. The 
forms appeared as  white 10-mm by 10- 
mm patterns on a dark background 25- 
mm in diameter. A computer controlled 
events within the experimental sessions 
and recorded the data on a printer (Fig. 
1A). 

The subjects were trained to master 
the matching-to-sample discrimination 
task. Only the final stage of the proce- 
dure is described (6). A trial began with 
the projection of a sample stimulus on 
the center key. After 15 pecks on it, two 
comparison stimuli were displayed on 
the side keys. One comparison form was 
identical to the sample, and the other 
was always its mirror image. Half of the 
subjects were rewarded with a 3-second 
access to food as soon as  they pecked 
the side key bearing the identical match- 

A C 

nshutters Comparlson  S a m p l e  Compar ison  

Fig. 1 .  (A) Experimental apparatus as used with pigeons. (B) Visual forms used. (C) Examples 
of stimulus sets used for rotational invariance test. 
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ing form and punished with 3 seconds of 
darkness if they pecked the side key 
bearing the mirror-image, nonmatching 
form. The reverse contingencies applied 
for the other subjects. All stimuli were 
extinguished after a response to  a side 
key. The next trial began after a 15- 
second interval. If the subject had re- 
sponded incorrectly in the preceding tri- 
al, the same stimulus set was presented 
again (correction procedure). If it had 
responded correctly, the next stimulus 
set of the sequence was presented. A 
session ended when 40 correct trials had 
been completed. 

Forty stimulus sets based on forms 1 
to 10 (Fig. 1B) were used, half of them 
with the matching comparison form pro- 
jected to  the right key and half of them to 
the left. The sequence of stimulus sets 
was quasi-random (7) and varied from 
session to session. Training occurred 
daily until all pigeons consistently yield- 
ed ? 80 percent correct responses (some 
40 sessions). One subject that did not 
reach this performance level was reject- 
ed. The animals were then habituated to 
forms presented in nonstandard orienta- 
tions for ten further sessions. Sixteen 
sets based on forms 5 and 9 with both the 
sample and comparison forms rotated by 
either 45" or  90" clockwise were random- 
ly interspersed among 24 normal 0" train- 
ing sets. 

Testing for rotational invariance began 
with the introduction of new stimulus 
sets. The orientation of the comparison 
forms no longer coincided with that of 
the sample form, which was henceforth 
always shown in its normal 0" orientation 
(Fig. IC). The correction procedure was 
discontinued. The time elapsed between 
the appearance of the comparison stimuli 
and the reaction of the subject was re- 
corded for each trial. Otherwise the pro- 
cedure continued as  described above. 
For the first block of ten sessions, 16 sets 
based on forms 5 and 9 with the compari- 
son forms rotated by either 45" and 90" 
clockwise were shown randomly insert- 
ed among 24 normal training sets. These 
included eight sets of forms 5 and 9 at  0" 
orientation. The next test block incorpo- 
rated 16 further sets of the same two 
forms with the comparison forms rotated 
by 135" and 180". Thus all 40 sets shown 
were based on forms 5 and 9, all five 
comparison orientations being equally 
represented. In the third block, the form- 
5 sets were replaced by 20 equivalent 
sets of form 8, which the animals had 
previously experienced only in normal 0" 
training sets. The final test dealt with 40 
sets based on forms 11 and 12, totally 
new to the subjects, a t  all five compari- 

The performance on the novel stimu- 
lus configurations, including their first 
presentation, was well above chance in 
all four test blocks (Fig. 2) (8). Thus, the 
animals did not need to learn the new 
rotation tasks but could rather apply an 
extant skill. 

The chamber was disassembled and 
only the wall bearing the keys, lights, and 
feeder was left standing. Twenty-two 
college and university students, after de- 
tailed instruction and ten training trials, 
faced the same task as the pigeons, ex- 
cept that the intertrial interval was re- 

duced to 5 seconds and correct respons- 
es were rewarded with the equivalent of 
a 0.5 cent. Stimulus sets based on forms 
8 and 11 at all five orientations were 
presented in two 40-trial sessions. The 
keys were activated with a hand-held 
pointer while the subject sat comfortably 
with the display at  reading distance. 

Mean reaction times for correct re- 
sponses and error rates for each form 
and comparison stimulus orientation 
within each test block were calculated 
(Fig. 3). Pigeons and humans were capa- 
ble of similar accuracy in visual rotation- 

1 Learning Habituation T e s t  1 ' ~ e s t  2 T e s t  3 ~ e s t  4 1 3 0  

Sessions 

Fig. 2. Mean performance accuracy of pigeons. Symbols: (A), performance on the training, 
habituation, and nonnovel stimulus sets; (e), performance on the test sets novel to the subjects 
at the beginning of each test; (W), performance on rotational invariance trials involving the first 
presentation of the test sets (8). 

Fig. 3. Mean reaction times 
with standard deviations (A) 
and mean error rates (B) as a 
function of comparison form 
rotations. Data are from 9 pi- 
geons and 22 humans. With 
one exception, combined 
means corresponding to pairs 
of forms are shown. Accord- 
ingly, results of pigeon tests 1 
(A), 2 (A), and 4 (W) are from 
720 trials per comparison ori- 
entation; test 3 (+), 360 trials; 
and the human test (O), 352 
trials. 

Pigeons 

O0 4 5O 9 0° 135O 180° 

Orientation of comparison forms son orientations. 
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a1 invariance, judged by the overall error 
rates (Fig. 3B). The differences may be 
due to unavoidable instruction, pretrain- 
ing, and pay-off inequalities. However, 
the humans generated a reaction-time 
function that increased monotonically 
with the angular disparity between the 
sample and comparison forms, whereas 
the pigeons produced essentially flat 
functions (Fig. 3A). Analyses of variance 
of the pigeon reaction-time data did not 
show significant orientation effects (all 
P ' s  > .05). The human data yielded a 
significant orientation effect [F(4,84) = 

22.76, P < ,0011 due to a linear trend 
[F(1,105) = 22.58, P < ,0011. 

The human function is in close agree- 
ment with those reported by others for 
similar experiments (3). It conforms to 
the interpretation that the invariance was 
achieved by mental rotation, an opera- 
tion conceived as a serial process in 
which an engram of a form is rotated 
until the matching or  nonmatching with 
the percept of another form can be di- 
rectly assessed (9). Pigeons solved the 
problem differently and more efficiently, 
presumably through a parallel mode of 
information processing (10). The use of 
mental rotation by humans, however, 
appears to be almost exclusively restrict- 
ed to situations involving the discrimina- 
lion of mirror-image forms. When tasks 
require the discrimination of distinctly 
different forms, humans too yield fast 
and flat functions like those of our pi- 
geons (11). The difference in perform- 
ance may be ascribed to the possibility 
that for pigeons, but not for humans. 
mirror-image forms are as  perceptually 
distinct as  any arbitrarily different forms 
(12). 

Although phylogenetically more primi- 
tive, pigeons solved a perceptual prob- 
lem more efficiently than humans. 
Whether this is related to  the primarily 
midbrain-based visual system of lower 
vertebrates and the mainly forebrain- 
based visual system of mammals is not 
known (13). We believe that the dis- 
parity may have originated because of 
different ecological demands. Pigeons 
operate visually predominantly on the 
horizontal plane where the orientation 
of objects is largely arbitrary, being rela- 
tive to the position of the observer. 
Humans primarily view the frontal plane 
where their orientation and that of ob- 
jects are highly consistent, being depen- 
dent on gravity. 
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Chemical Mimicry in the Myrmecophilous 
Beetle Myrmecaphodius excavaticollis 

Abstract. The rnyrmecophilus beetle Myrmecaphodius excavaticollis (Blrlnchard) 
was found to have species-specijic cuticltlar hydroc.arhons acqrrired jiom one of its 
hosts, the ant Solenopsis richteri Forel. Removcll jkom its ant host res~rlted in loss of 
the host hydrocarbons, leaving a cuticularpattern innate to the beetle. When beetles 
were transferred to colonies of three other Solenopsis species, they acq~rired the 
specijc hydrocarbons associated with each o f t h e  nen' hosts. This pa.~sivr integrrr- 
tin11 mechanism is coupled with the beetle's armored e.uterior to enc~ble it to cope 
with m~rltiple aggressive hosts. 

Myrmecophiles, ant symbionts, have 
evolved numerous mechanisms for inte- 
grating themselves into host colonies. 
Among these mechanisms are morpho- 
logical mimicry, defensive and appease- 
ment chemical secretions, and behavior- 
al mimicry ( I ) .  We report a novel inte- 
gration mechanism used by Myrmeca- 
phodius excavaticollis (Blanchard) in 
which passive, nonintegrative, defensive 
behavior is followed by the integrative 
acquisition of host-specific hydrocar- 
bons. Individual beetles are able to shed 
the hydrocarbons of one Solenopsis spe- 
cies and acquire the pattern of a different 
host species. These data partially explain 
the multiple host capability of this myr- 
mecophilous beetle. 

Myrmecaphodius eut avaticolli,\ was 
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probably introduced into the United 
States from South America with one of 
its imported hosts, Solenopsis invicta 
Buren or  S .  richteri Forel (2). The beetle 
has been reported in association with 
three indigenous species, S .  geminata 
(F.), S .  xyloni McCook (3) and Iridomyr- 
mex pr~rinos~rm (Roger) ( 4 ) ,  as well as  
with another import, I. h~rnzilis (Mayr) 
(3). All developmental stages of the bee- 
tles have been found within the mounds 
of the host ants. Adults move freely 
among host ants and obtain food directly 
from workers through trophallaxis, by 
predation on ant larvae, and by feeding 
on freshly killed or decomposed workers 
and ant booty (5) .  Dispersal flights can 
occur throughout the year, after which 
the beetles must find a suitable host 
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