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TARGET DISTANCE AND RETINAL LESIONS'
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V'isual acuity thresholds for grating targets vere determined for three pigeons at target
distances ranging frolnl 13 to 73 cm. Tlhese miieasurements were made both while the birds
wvere wearing goggles restricting Vis onl to the frontal field of view and when vision was
unrestricted. Using a slightl) different method, performance was also compared for target
distances of 6 and 13 cmi wvhile the goggles wvere in place. For a second group of three
pigeons, acuity data wvere obtained before and after laser lesions of the retina's foveal
region. The findings suggested that acuity was relatively poor for targets at the inter-
illediate distances and that it improved as distance both increased and decreased from
these internlediate values. The acuity improvenment wvith increasing distance did not oc-
cur, hovever, when the birds were wearing frontal goggles. The data appear to be con-
sistent with Catania's 1964 suggestion that the pigeon has separate frontal and lateral
visual systemiis that differ in their refractive characteristics. Foveal lesions did not appear
to affect acuity for distant targets, and it wvas concluded that, while the fovea serves the
lateral field of view, its presence is not necessary to the static acuity characteristics of this
system.

Various pieces of evidence combine to sug-
gest that the pigeon has separate systems for
frontal and lateral vision. The eye of this
species has a well-defined, if somewhat shallow
fovea that serves the lateral field of view. Re-
cent anatomical data (Galifret, 1968; Binggeli
and Patule, 1969) suggest the presence of an ad-
ditional area of specialization in the superior
temporal quadrant of the retina, which would
serve the lower portion of the frontal field of
view. Althouglh this area does not contain a
foveal depression, it is characterized by a pro-
nounced increase in the density of the retinal
cells. Catania (1964) cited a variety of evidence
to suggest that the pigeon is lhypermetropic
for targets in the lateral field, while the frontal
field of view is myopic.

Catania's hypotlhesis has been evaluated
througlh refraction by retinoscopy and by anal-
ysis of optical data. Millodot and Blough
(1971) reported retinoscopic and anatomical
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Donald Blough's suggestions and criticisms wvere help-
ful through all phases of the study. Katherine Fite and
Mitchell Glickstein helped with the production and
assessment of the laser lesions. Reprints may be ob-
tained from the author, Walter S. Hunter Laboratory
of Psychology, Browvn University, Providence, Rhode
Island 02912.

data that stuggested non-uniformity of the pi-
geon eye wvith respect to its refraction charac-
teristics, altlhough their data were not clear
enough to confirm or reject Catania's hypoth-
esis. Nye (1973) reported optical data based on

ray tracing computations. These findings in-
dicate that the near point for objects in the
center of the visual field is at a slightly greater
distance than are near points for objects in the
anterior or posterior visual fields. Although
this result is generally consistent with Catania's
conclusion, Nye's figures indicate that differ-
ences between the various portions of the
visual field are too small to account for the
observations described in the Catania paper.
The myopic subject is relatively poor at

resolving distant targets, while in hypermetro-
pia, resolving power is poor for targets at close
range. Thus, behavioral studies of the acuity-
distance relation should help to describe the
eye's refractive characteristics. Two such stud-
ies are available in the earlier literature: Ham-
ilton and Goldstein (1933) and Chard (1939)
reported that acuity became poorer for target
distances less than 31 to 66 cm. Althouglh thesc
sttudies did not separate frontal from lateral
vision, they do suggest that the pigeon is
hypermetropic relative to the human subject.
The Catania hypotlhesis suggests, however,
that at short target distances the myopic area
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of the retina would take over and be the de-
terminer of visual actuity.

Because it serves the lateral btut not the
frontal field of view, the role of the pigeon
fovea is relevant to this problem. It is well
knowvn that acuiity is best for many primate
subjects when the target is viewed foveally. If
this were the case for the pigeon, we might
expect a well-foctussed target falling on the
fovea to be resolved better than one foctussed
on the temporal retina, whliclh is characterized
by increased cell density but not by a foveal
depression. Two lesion studies suggest, how-
ever, that the pigeon fovea may, not have
special significance in visual performance.
Yarczower (1964) found that foveal lesions did
not affect the birds' ability to resolve a Land-
dolt Ring target at a distance of 20 cm; Good-
son (1969) reported that foveal lesions did not
affect the optokinetic response to a 36-cm dis-
tant stimulus field. If indeed pigeons tuse
lateral vision only for distant objects, the ef-
fects of foveal lesions may be most evidlent at
still greater target distances.
The purpose of the present experiments was

to examine further the ways in which the
strulctural characteristics of the pigeon eye
relate to its visual acuity. One experiment
studied acuity threslholds at variouLs target
distances both in a free-viewing condition
and in a condition that restricted vision to the
frontal field. The second experiment consid-
ered the effect on distant acuity of lesions in
the retina's foveal region.

EXPERINIENT I:
EFFECTS OF TARGET DISTANCE

Subjects
The three pigeons ulsed in this experiment

were one White Carneau (002), one Wkrhite
King (144), and one homing pigeon (194).
These birds had extensive experience vith
the present apparatus and proceduLre. Earlier
acuity data for them were reported by Blouigli
(1971), where their designations were WvVCI,
WK, and HOI respectively.

Apparatus
Except for a modification to allow for vari-

ations in target distance, the apparatus was
identical to that described by Blough (1971).
The box was divided into two sections. A
front portion contained two glass response

keys with dark and light grating stimuli
mounted just behind them. A back portion
included an observing key mounted on the
rear panel and two photocells moLnted on the
side panels 36 cm in front of the r-ear panel.
A length-wise partition divided the front por-
tion of the chamber into two alleys, one lead-
ing to eaclh target key. The partition extended
from the front panel to a position just opposite
the photocells. A small lamp mouinted on the
partition illuminated both photocells simul-
taneously. The front and back sections of the
box fitted together in a telescopic fashion, so
that the back portion could move toward or
away from the target keys. Thus, the length
of the central partition and the distance of the
photocell beams from the target keys cotuld be
varied while the relative positions of the ob-
serving key and the photocells remained un-
changed.
As in the previous study, target luminance

was approximately 41 cd/M2, and contrast be-
tween the dark and light bars of the stimulus
pattern, at least 98%. The visual angle sub-
tended by the diameter of the circular target
keys was maintained at a constant value of
12 min of arc for all target distances. The ex-
periment was controlled by a LINC computer
(Clark and Molner, 1964) and associated relay
equiipment.

Pmcedzure

The procedure was similar to that described
by Blough (1971). A session consisted of 128
trials, each beginning with the onset of the
observing keylight at the rear of the box. A
single peck on this key turned off its light,
turned on the photocell light, and operated a
shutter to illuminate the two target keys. One
key was striped and the other blank, according
to a program based on a randomized block
design. If the bird crossed the photocell beam
leading to the blank key, the shutter closed, the
photocell light turned off, and a 20-sec inter-
trial interval began. This contingency also oc-
curred if the bird crossed either photocell
beam within 0.5 sec of shutter operation. If
the bird paused for 0.5 sec or more and then
crossed the photocell beam corresponding to
the striped target, the shutter remained open
until a peck on the target key occurred. This
peck closed the shutter, turned off the photo-
cell light and, with a probability of 0.5, oper-
ated the food magazine.
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For each trial, the response recorded was the
one that broke the photocell beam, and this re-
sponse was designated correct if the beam
broken led to the striped target key. A correc-
tion procedure was used so that the stimulus
array remained unchanged on trials following
errors (crossing the beam leading to the blank
key). Since these "correction" trials were not
random, photocell responses following an er-
ror were not recorded until after a correct
choice occurred. Also not recorded were photo-
cell responses that occurred during the 0.5-sec
delay following the response to the observing
key.

Spatial frequencies used in this study ranged
from 0.02 to 0.61 cycles per minute arc sub-
tended at the photocell beam. For any given
condition, a set was chosen so that there was
at least one value at which the birds' error
rates were less than 10% and so that additional
values yielded, when possible, a range of error
rates between 10% and 40%.There were two
blank stimuli differing from each other slightly
in luminance. A random program determined
which blank stimulus would occur on each
trial. Although all striped and blank stimuli
were approximately equal in luminance, slight
differences did occasionally occur. The two
blank stimuli were used to confound lumi-
nance effects.
Each daily session tested at a single spatial

frequency; across sessions, the various stimulus
values occurred in descending order of visual
angle (increasing order of spatial frequency).
At the beginning of each descending series,
there was an initial training period at the
highest visual angle; the birds were main-
tained at this value until their error rate was
12% or less and until performance over two
daily sessions did not improve by more than
two percentage points. Then, sessions occurred
at each new stimulus value, and the series
ended when error rates reached or exceeded
40%. Final data for each condition were based
on at least two such descending series (512
trials per point). If the birds' performance
appeared to improve from the first to the sec-
ond series, the series continued, and final data
were based on successive series that did not
show systematic differences from each other.

Psychophysical functions were determined
at varying target distances, first under condi-
tions restricting vision to the frontal field and
then under free-viewing conditions. To restrict

the field of view, the birds were fitted with
frontal goggles (Catania, 1963) that were held
in place with dental acrylic (Mello, 1967). The
goggles permitted vision through a 15-mm
diameter circular opening in front.
There were four target distances: 73, 53, 26,

and 13 cm. Table I summarizes the order in
which testing conditions occurred. For Bird
194, attempts to obtain data at target distances
shorter than 73 cm were unsuccessful while the
goggles were in place, since no spatial fre-
quency associated with an error rate of 12% or
less could be found. With the goggles removed,
efforts to obtain acuity data at progressively
increasing target distances failed until the 73
cm distance was reached. Because the bird
seemed to be performing so well at this dis-
tance, it was again tested without goggles, as
Table I indicates.

Table 1

Summary of conditions to show order in which target
distances occurred. Figures indicate distances in cmii.
They are enclosed in parentheses when the constant
stimulus method was in effect.

Birds

Condition 002 144 19-

With goggles 73 73 73
53 53 -

26 13 -
13 26 -

(13) (13) (13)
(6) (6) (6)

(13)

Without goggles 13 26 73
26 13 53
53 26 26
73 53 13

73

Because Bird 144, while wearing goggles,
showed an improvement in acuity at the 13-cm
distance relative to that at 26 cm, some data
were taken at even shorter distances. The
method was somewhat different for this por-
tion of the study, which was conducted before
the goggles were removed. Error rate was mea-
sured for four stimuli having spatial frequency
values of 0.01, 0.02, 0.04, and 0.06 cycles per
minute of arc, and the birds were tested at the
13-cm distance and at a distance of approxi-
mately 6 cm. In the latter condition, the choice
response was the key peck itself, not the cross-
ing of the photocell beam. Thus, the bird's dis-
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tance from the target was controlled by its
lhead position and the length of its beak; the
6-cm figure is an estimated average based on
observation and measurements of the distance
between the tip of the beak and the cornea.
A larger target vas used in this portion of the
experiment, since two of the birds had rela-
tively high thresholds at the 13-cm distance
under the conditions described earlier. The
target in this part of the experiment had a
diameter that subtended a visual angle of 7
deg 54 min of arc. This portion of the experi-
ment was also different in that a method of
constant stimuli was uised to determine order
of stimulus presentation. Thus, all four spatial
frequencies, after being introduced during pre-

liminary sessions in descending order of visual
angle, were presented in a randomized block
design witlhin each session. At the 13-cm dis-
tance and again at the 6-cm distance, eaclh
value was presented a total of 256 times. De-
tails of this procedure are like the constant
stimulus procedure described in Blough (1971).
Since the performance of Bird 194 clearly im-
proved when tested at the 6-cm distance, the
procedure for the 13-cm distance was repeated
and the data found to be consistent witlh the
previous results.

RESULTS

Table II summarizes the raw data. The prin-
cipal psychophysical functions are shown in
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Fig. 1. Psychophysical functions at varying target distances for conditions where frontal goggles were wvorn
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Figure 1. To facilitate interpolation, these
functions are presented as cuLmulative normal-
log transformations in which z scores are
plotted against log spatial frequency. Since
error rates less than 10% tended not to be
linear witlh the rest of the data wlhen plotted
in this faslhion, the plotted data include only
points corresponding to error rates of 10% or
greater.

It is difficult to apply conventional measures
of variability to these data, since each )oint
represents only fotur determinations of error
rate. HoNvever, since the birds were tested at
each spatial frequency for two successive days,
the difference in error rate for each of these

sets of days helps to indicate the reliability of
the data. Thus, for Bird 002, the difference be-
tween performance on the first and second day
of testing averaged 2.6 percentage points for
the 53-cm distance without goggles. This value
is based on the five stimuli indicated in the ap-
propriate functions in Figure 1 and includes
differences between the first and second day of
testing for both sets of descending series. The
corresponding figures for Bird 144 was 4.8 per-
centage points and, for Bird 194, it was 4.4
percentage points.

Because of the possibility of order effects,
psychophysical functions were checked in two
instances following testing at new distances. As

Table 2

Per cent error scores as a function of spatial frequency for each bird at four target dis-
tances. Goggle and no-goggle conditions are showvn separately.

Target Stimulus Goggles No Goggles
Distance (cm) (Cycles/min arc) 002 144 194 002 144 194

13 0.02 11.5 2.8 - 3.1 - -

15.6
22.4
34.4
45.0

6.0
8.6

16.2
23.0
20.4
20.5
34.7
40.4

1.2
1.8
4.3
9.6

10.0
14.8
23.8
33.0
47.5

1.8
4.8
1.8

10.3
23.8
22.2
28.7
42.8

3.9
5.9

12.2
18.3
23.1
49.0

8.8
17.6
27.8
34.0

5.7
14.2
16.2
15.8
19.6
26.8
42.2

2.9
21.5
26.4
39.0
41.0

- 15.4
- 18.1
- 24.6
- 38.3

_ 7.0
_ 12.5
- 19.8
- 26.4
_ 32.9

-8.0
-11.6
-18.8
-14.6
-24.0
-38.1

6.8 -

7.5 -

17.2 -

29.4 -

29.5 4.9
40.7 10.9
- 13.9
- 20.5
- 33.8
- 56.3

2.3
2.9
5.2
8.4

12.1

6.8
13.8
22.1
26.6
29.9
28.2
41.3
45.0

4.4

11.3
16.3
15.1
27.5
31.1

51.4

8.8
15.2
23.6
35.8
53.3

4.8
15.2
19.1

8.2

13.7
13.6
19.4
29.9
41.2

6.2

14.5
14.4
27.8
33.4
42.5

3.2
10.2
16.6
14.2
15.4
25.0
32.6
43.1

0.04
0.06
0.07
0.09
0.10
0.13
0.15

0.04
0.05
0.07
0.08
0.10
0.11
0.14
0.21

26

53

73

0.04
0.06
0.07
0.08
0.10
0.12
0.16
0.21
0.27
0.34

0.04
0.06
0.07
0.08
0.10
0.12
0.15
0.21
0.32
0.61
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mentioned above, Bird 194 was re-tested at 13
cm following testing at 6 cm. In another case,
Bird 144 was re-tested at 26 cm following test-
ing at 13 cm (bottom half of Table I). For both
these cases, the data were reasonably well rep-
licated, indicating that the improvement in
acuity at the shorter distances was not merely
a training effect.
The functions in Figure 1 indicate that (1)

an effect of target distance on performance was
present, but it differed among birds; (2) error
rates were greater when the birds wore goggles.
A complete set of data for Birds 144 and 194
at the 13-cm distance is unavailable because of
the necessity for using very fine lines to test
under that condition. The finest grating con-
tained 208 lines per inch; it did not seem ad-
visable to use anything finer because of the
possibility that diffraction-induced contrast
changes would contaminate the data. How-
ever, the available data indicate that both
these birds had better acuity at 13 cm than at
the greater distances.

0.2
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Data for psychophysical functions were not
collected unless there was a spatial frequency
at which the bird's error rate was less than

12%,. Thus, there is only one function for Bird
194 for the frontal goggle condition. Despite
many hours of training, this bird failed to
meet the 12%0 criterion at the shorter target
distances.

Figure 2 summarizes the acuity-distance re-
lationship with acuity thresholds defined as
the spatial frequency that yielded an error rate
of 25%o (z score of -0.67). Here, the reduction
in acuity under the restricted viewing condi-
tions is clear; and for Birds 002 and 144, it
appears that this effect is greater at the greater
target distances. Under free-viewing condi-
tions, two of the birds (002 and 144) showed an
improvement in acuity as target distance in-
creased beyond 26 cm. For Birds 144 and 194,
there was improvement in acuity as distance
decreased from 26 to 13 cm. Figure 1 must be
consulted for this information with regard to
Bird 144 because those data are inadequate for
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Fig. 2. Acuity threshold plotted against target distance for both the goggle and no-goggle conditions. (For

Bird 194, only one threshold was obtainable when the goggles were in place.) Threshold values were determined
in most cases by interpolation at the 25% error point (z score of -0.67) on the psychophysical functions shown in
Figure 1. For Bird 194, the threshold at 13 cm was determined by extrapolation, and a dashed line is used to con-
nect this point with the rest of the function.
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threshold specification. The improvement at
the 13-cm distance was also evident for this
bird when it was wearing goggles.

Error rates dropped markedly for Birds 002
and 194 when target size was enlarged and the
method of constant stimuli introduced to com-
pare acuity at short distances. The data from
this experiment are not shown graphically be-
cause at both distances, Birds 002 and 144 had
error rates of less than 10%o to all four stimu-
lus values. Bird 194 showed similar low error
rates at the 6-cm distance, but acuity was no-
tably poorer at the 13-cm distance. The effect
is illustrated by the fact that, for the 0.06 cycles
per minute arc pattern, Bird 194's error rate
was 11.3% at the 6-cm distance, while it was
23.8% at the 13-cm distance. Error rate to the
0.04 cycles per minute arc pattern were 6.6%
at 6 cm and 21.9%, at 13 cm. The difference in
the response requirement for these two condi-
tions may have contributed to the effect.
The drop in error rate following enlarge-

ment of target size may be illustrated by the
following examples: for Bird 002, error rate
to the 0.06 cycles per minute arc stimulus was
22.4% for the smaller target diameter and
dropped to 4.3%0 for the larger target. In the
case of Bird 194, error rate was 32.47% to the
0.02 cycles per minute arc stimulus when the
target was small, and for the larger target,
error rate to this stimulus dropped to 15.8%/.
There was little or no training effect for this
bird; results for the smaller target were repli-
cated following the experiments with the
larger field. Bird 144, wlhose error rates were
low at the 13-cm distance even when the target
was small, did not show the target size effect.
When the effect did occur, it was probably un-
related to the difference in method of stimulus
presentation. Earlier data (Blough, 1971) in-
dicated little difference in acuity data gener-
ated by the descending series and constant
stimulus methods. The improvement in acuity
for the larger target areas may have contrib-
uted to the apparent difference in thresholds
obtained by Blough (1971) and Nye (1968). In
the Nye study, target size was relatively large,
and thresholds appeared to be lower.

EXPERIMENT II: EFFECTS
OF RETINAL LESIONS

Subjects
The three pigeons used in this experiment

were one White Carneau (626) and two hom-

ing pigeons (668 and 670). These subjects had
extensive experience in the apparatus; their
performances on a binocular acuity task have
been described in a previous paper (Blough,
1971), where their designations were WC2,
H02, and H03 respectively.

Apparatus

The apparatus is described in Experiment I.
Target distance for this study was 73 cm and
its overall angle of subtense, 12 min of arc.

Procedure

The plan of this study was to obtain acuity
data for each eye individually and to compare
findings obtained before and after the produc-
tion by laser of retinal lesions. Goggles like
those described in Experiment I were used to
occlude vision. Each bird was to wear a single
goggle, its opening covered with black card-
board and its base attached to the feathers with
collodion. Although this procedure worked
well with Birds 626 and 668, Bird 670's goggle
would not remain in place, and tests in its case
were binocular.
The procedure was similar to that described

in Blough (1971). It differed from the proce-
dure described in Experiment I in that the
photocell light remained on continuously and
only one blank stimulus was used. Stimulus
presentations occurred in descending order of
visual angle with two daily sessions (total of
256 trials) allowed for each stimulus value. In-
itial training was in the presence of the stimu-
lus having the largest visual angle and contin-
ued until the birds' performances reached a
level of 10% error or better, and then until the
error level failed to drop by more than two
percentage points over two consecutive ses-
sions. Birds 626 and 668 were tested on this
procedure first with the left eye and then with
the right eye covered. For these subjects, data
were based on one descending series for each
condition (256 trials per data point). Data for
Bird 670 were binocular and were based on
two descending series (512 trials per point).

Lesions were made with a ruby-laser photo-
coagulator. An attached ophthalmoscope per-
mitted observation of the eye's fundus and
directing of the laser beam to the fovea. To in-
crease the probability of destroying the fovea,
seven lesions, all aimed at the fovea, were
made in each eye. The lesions were later exam-
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ined ophthalmoscopically and, at the end of
the experiment, by post-mortem histology.

Several weeks after the lesions were made,
acuity testing resumed according to the pre-
lesion procedure. When there appeared to be a
lesion effect on the first data set, data for a sec-
ond psychophysical function were collected.

RESULTS

Figure 3 summarizes the findings for this
experiment. The fundus diagrams are based
on examination by light microscopy of the

BIRD 626
RIGHT

40 4

I,

20

o BIRD 66
RIGHT -

zS
Lii 20

CL _. . ..almI

stained retinal sections. They indicate the ap-
proximate location and size of the lesions,
which in most cases appeared to have affected
all layers of retinal cells. An exception was the
right eye of Bird 626, where the ganglion cell
fibers appeared undamaged. Except in this
case, microscopy revealed no evidence of a

fovea outside of the lesioned area in any of the
eyes. (In unlesioned eyes, the fovea is ordinar-
ily found without difficulty by its position just
nasal and superior to the optic disc.) Earlier
opthalmoscopic examination also indicated

- BEfORE LESION

X_-- AFTER LESION - SESSION I

O--O AFTER LESION- SESSION 2

.05 .10 .20 40

CYCLES/ MIN. ARC
Fig. 3. This figure includes psychophysical functions obtained for each eye before and after production of

laser lesions and diagrams to indicate the location and size of the lesions. Note that the functions are in terms
of per cent error (not the z score transformations) and that the abscissa is scaled logarithmically. The diagrams
to the right of each set of functions represent schematically a portion of the fundus of the corresponding eye,
showing the location of the optic disc, the lesion, and, when it was found, the fovea. In these diagrams, the optic
disc is the approximately rectangular solid area. The lesion is indicated as an irregular stippled area, to the
right of (nasal to) the optic disc for the right eyes, and to the left (also nasal) for the left eyes. For Bird 670,
the left-hand diagram is for the right eye and the right diagrams for the left eye. Orientation of the eyes is
not precise, but the superior point on the fundus is approximately at the top of the diagram.
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that the lesions were in the region of the fovea;
thus, it appears that both foveas of Bird 668
and 670 and the fovea of the left eye of Bird
626 were destroyed. The fovea of the right eye
of Bird 626 was intact, and the lesion was lo-
cated between it and the optic disc.
The psychophysical data, shown in Figure

3, indicate a clear effect of the lesions only in
the case of the right eye of Bird 626. The ini-
tial effect in the case of this bird's left eye
nearly disappeared on re-testing, possibly due
to practice. The separation between the pre-
lesion and post-lesion functions for the left eye
of Bird 668 occurs beyond the region of con-
ventional threshold definition (25% error).
The flattening out of the pre-lesion curve sUg-
gests poor stimulus control, and it is possible
that lhere some other variable, such as slight
luminance differences, may have affected the
data.

It is surprising that the only clearcut lesion
effect was in the eye where the fovea remained
intact and where the damage appeared not to
reach all cell layers. It is possible that this par-
ticular lesion produced a distorting effect that
reduced acuity; however, there are not enough
data lhere to justify further speculation. Good-
son (1969) found that certain non-foveal le-
sions in pigeons appeared to enhance the opto-
kinetic response.

DISCUSSION

The optics of the pigeon eye have not been
fully described, but there is good evidence that
it is non-uniform with respect to its refractive
characteristics (Millodot and Blough, 1971;
Nye, 1973). Myopia and hypermetropia are de-
fined by the manner in which the unaccom-
modated eye focusses distant objects. These
conditions cannot be specified completely on
the basis of the present data, since accommoda-
tion was uncontrolled. However, since defo-
cussing is associated with a drop in acuity, the
present findings probably bear on the eye's re-
fractive condition. Where acuity begins to im-
prove with increasing target distance, it is rea-
sonable to conclude that the target is crossing
the eye's near point of accommodation and the
target is coming into focus; if acuity drops with
increasing target distance, we may conclude
that the distant objects are out of focus. The
latter condition indicates myopia, since the
normal, emmetropic eye focusses targets of in-

finite distance. For an eye containing two re-
fractive systems, such systems might fail to
overlap completely, such that there would be
distances at which neither system could achieve
perfect focus; such distances might be within
the near point of accommodation for a hyper-
metropic system and beyond the far point for
a myopic system. Under these conditions, one
would expect the acuity versus distance func-
tion to fall and then to rise again as target dis-
tance increased. If vision were limited to the
myopic system (as attempted here with frontal
goggles), acuity should be relatively poor for
distant targets.
Although these predictions appear to receive

partial support from the present data, individ-
ual differences cloud the picture. Because the
individual psychometric functions are regular,
the variability of the findings appears to be
based on real between-subject differences.
That such differences exist is not surprising;
certainly they would occur in human data,
since people differ widely with respect to the
refractive characteristics of their eyes. Thus,
the data shown in Figure 2 may reflect basic
pigeon acuity-distance functions confounded
by individual differences in refractive condi-
tion.

For the free-viewing condition, the improve-
ment in acuity with increasing distance for
Birds 002 and 144 is consistent with the data
of Chard (1939), although his data suffered
from day-to-day variability. Chard concluded
that the near point of accommodation is be-
tween 40 and 60 cm, but he did not investigate
distances shorter than 30 cm. In the present
data, the improvement in acuity is not as clear
in the data for Birds 002 and 144 when their
field of view was restricted. At the greater dis-
tances, then, the availability of the lateral field
of view may contribute to the improvement in
acuity. This notion is consistent with informal
observations (Blough, 1971) indicating that
pigeons view distant objects laterally. The flat-
ness of Bird 194's function range beyond 26 cm
may be attributable to a wider range of ac-
commodation or, perhaps, to a more distant far
point, which would have been revealed if mea-
surements had been made at even greater tar-
get distances.

For Birds 144 and 194, acuity also appeared
to improve as distance decreased from 26 cm.
This rise in acuity at very close distances is
suggested by the psychophysical functions for
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Bird 144 shown in Figure 1, by the solid func-
tion for Bird 194 slhown in Figulre 2, and by the
restults for this latter suIbject when acuity was
compared between the 13- and the 6-cm dis-
tances. The effect was seen botlh when the
birds were wearing goggles and whlen the filld
of view was unrestricted. Together witlh in-
formal observations that the bircls viewed near
objects frontally, these findings suggest that
the improvement in acuity for very close tar-
gets does not depend on the availability of the
lateral field of view. It is possible that actuity
would have improved witth slhorter distances
for Bird 002, but apparatus limitations pre-
vented us from making the appropriate mea-
surements.
The present findings are partially, but not

entirely, consistent with optical data reported
by Nye (1973). Nye's ray-tracing computations
indicated that objects in the lateral field would
be in best focus at a distance of about 4 to 5
cm from the pupil, wvlhile objects lying in parts
of the anterior andl posterior fields would
achieve maximum focus at a 2 to 3 cm (lis-
tance. These data were based on frozen sec-
tions of eyes whose accommodative states were
apparently unknown, and the report indicates
that there may have been otlher sources of
error. It seems unlikely that the pigeon is as
extremely myopic as the Nye figures stiggest.
Its ability to focus at muclh greater distances is
indicated by the present data, those of Clhard
(1939), and the fact that this bird presumably
uses distant visual cues wlhile in flight. How-
ever, the relationship described by Nye be-
tween points of best focus for frontal and
lateral fields is consistent witlh the present find-
ings and the notion of Catania. These relation-
ships are important for operant researclh, be-
cause they indicate that some viewing distances
and target orientations may be less appropriate
for visual stimuli than others.
The improvement in acuity for distant tar-

gets under free-viewing conditions could be at-
tributable to the use of the centrally located
fovea as well as to better focussing. However,
the lesion experiments described here suggest
that the pigeon fovea is relatively unimportant
to acuity, and these findings are consistent with
those of Goodson (1969) and Yarczower (1964)2.

The substantial effect of stimultus field size is
also consistent witlh the hypothesis that static
acuity is not primarily determined by a small
restricted area on the retina. Lesions of the pri-
mate fovea, on the other lhand, have a pro-
notunced effect on acuity (e.g., Yarczower, Wol-
barslht, Galloway, Fligsten, and Malcolm,
1966); the fovea's relative im)ortance in these
species is probably due to its great anatomical
specialization. The tlhick, cone-rich retina of
the pigeon may be functionally more homo-
geneous; the fovea is slhallow andl varialble com-
pared to that of many other bird species, and it
lhas the convexiclivate foim that Ptumplhrey
(1948) has suggested is adapted to motion de-
tection ratlher than static acuity.
The superior portion of the temporal retina

in the pigeon is clharacterized, like the fovea,
by a pronounced increase in cell density (Gali-
fret, 1968). It does not, however, contain an
acttual foveal depression. This area probably
serves at least the lower portion of the frontal
field of view. Comparisons of static and dy-
namic actuity for well-focussed images falling
on these two areas of specialization miglht lhelp
further to clarify the role of the foveal depres-
sion. The present data are not adlequate to in-
dicate lhow the two retinal areas compare in
resolving power, btut their existence addls to the
indirect evidence for the presence of two vistual
systems in the pigcon. The physiological basis
for the refractive (lifferences miglht lhave to do
witlh a peculiar lens shape or possibly with dlif-
fering distances between lens andl variouis por-
tions of the retina (Millodot and Blough,
1971).
In stummary, it may be concltuded that target

distance is an important factor in pigeon vistual
acuity and that this bird may lhave separate
systems to deal with near andl far- visual stim-
uli. The exact effect of target distance may dif-
fer for different birds. The present findings
agree with others to the effect that the fovea
does not lhave an important role in some visual
tasks, but there is evidence that the foveal re-
gion is a part of the system that is used for dis-
tant vision.
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