such as in individual distance mainte-
nance, territoriality, and food defense.
Gerris remigis produces other surface
wave signals, and at least four coexistent
species of Gerris near Binghamton, New
York, produce such signals, providing an
opportunity for interspecific studies. The
occurrence of surface wave signals in at
least 2 of 53 Gerridae genera suggests
that further comparative and experimen-
tal studies on the many species not yet
examined may reveal patterns lending in-
sight into the evolution of surface wave
communication.

R. STiMsoN WiLcox
Department of Biological Sciences,
State University of New York,
Binghamton 13901
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Shifts in Perception of Size After Adaptation to Gratings

Abstract. After viewing a suitable grating of vertical stripes for 5 minutes, subjects

overestimated the width of a rectangle by 6 percent. The shifts in perception of size
occurred whether individual stripes in the grating were narrower than, equal to, or
wider than the rectangle. Rectangle width was underestimated only if the grating
stripes were extremely wide, with a spatial frequency lower than most of the effective
amplitude spectrum of the rectangle. These findings (and complementary ones with
horizontal gratings) suggest that the visual system codes size on the basis of spatial

frequency components, rather than directly in terms of width.

Two hypotheses currently address
size coding in the visual system. One is
that the visual system codes the local
feature of size per se. The other, less in-
tuitive hypothesis is that the visual sys-
tem codes size by doing something like a
crude Fourier or spatial frequency analy-
sis of patterns into the appropriate spa-
tial frequency components. We here
present findings that are more consistent
with coding in terms of spatial frequency
components.

Others have shown that, after viewing
vertical gratings in which intensity var-
ied sinusoidally across the stripes, ob-
servers perceived spatial frequency of
other vertical sinusoidal gratings as
shifted (/, 2). Gratings higher in spatial
frequency (the number of cycles of the
grating per degree of visual angle) than
the adapting grating appeared higher
still, while gratings of lower frequency
appeared lower still. Thus, adaptation

tends to make gratings appear more dif-
ferent from the adapting frequency than
they really are.

If information regarding size or fre-
quency (or both) is carried by channels
selectively tuned to spatial frequency (/-
3), adaptation to a particular grating
would depress the sensitivity of the
channels maximally responsive to that
spatial frequency. The central tendency
of the distribution of responses of all spa-
tial frequency channels would thus be
shifted away from the adapting frequen-
¢y, and the perceived frequency would
also be shifted.

Alternatively, spatial vision may be
mediated by size-specific rather than by
frequency-specific mechanisms ¢). Un-
der a size-specific model, the visual field
is assumed to be made up of small, over-
lapping regions (receptive fields), each
sensitive to objects of a particular size
(such as the width of a single light or
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Fig. 1. (A) The perceived widening of a rectangle observed by one subject after adaptation to
vertical gratings with sinusoidal intensity distributions. A ratio of 1:1 on the x-axis indicates
equal widths for adapting bars and test rectangles; on the y-axis, 0 indicates no change in per-
ceived size. The width for an adapting stimulus is a half cycle of the grating. Bars indicate
standard errors. (B) A subject’s matches of the apparent spatial frequency of two vertical grat-
ings, only one of which fell on the retinal region previously exposed to the adapting grating
[replotted from figure 2 of (/)]. If a size-specific model were correct, the perceived size shift
of a rectangle (Fig. 1A) should resemble that for gratings (Fig. 1B).
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ratios are indicated.

dark bar of a grating). Adaptation to a
particular grating would fatigue the
mechanisms that respond best to objects
the size of that grating’s bars. After ad-
aptation, these mechanisms would be
less responsive to objects the size of the
adaptation bars, and the perceived size
of other gratings would be shifted ac-
cordingly.

The experiment on perceived frequen-
cy shifts (/) could not distinguish be-
tween the size-specific and the frequen-
cy-specific hypotheses, because the
stimuli used were sine wave gratings, in
which there is only a single bar width and
a corresponding single spatial frequency.
The distinction can be made by using a
single uniform bar (or rectangle). Mul-
tiple bars in a sine wave grating do not
have the same spatial frequencies as a
single homogeneous bar of the same
width. The fundamental frequency, f, of
a grating with bars of width w degrees is
1/(2w) cycles per degree of visual angle.
A single bar, however, has a broad fre-
quency distribution (5).

We used a single bar (rectangle) as an
aperiodic test stimulus, which allowed us
to disentangle the explanations specific
to size and to spatial frequency. If bar
width is what matters psychophysically,
adapting to a sinusoidal grating will have
the same effect on a single bar as on a
grating. But if spatial frequency is the de-
termining variable, the effect on a bar
and on a grating should be different.

The test bar was a solid luminous rec-
tangle of fixed width but adjustable
height. Three subjects reported per-
ceived width by adjusting the height to
produce perceived squareness—an ad-
justment that subjects make with consid-
erable precision. Another seven subjects
indicated their judgments by saying
whether or not each of the sequence of
rectangles appeared square [random,
double-staircase procedure (6)]. Subjects
made judgments before and after viewing
a vertical sinusoidal grating for 5 min-
utes.
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The effect of adaptation to the grating
on the perceived width of the rectangle
was measured as the mean of the ratios
between the settings after adaptation and
the mean setting before adaptation. After
inspecting vertical sine wave bars any-
where between half and one and a half
times the rectangle width, the rectangle
looked wider (Fig. 1A) (7, 8).

If the size model were correct, the re-
sults would look not like Fig. 1A, but like
Fig. 1B. The size model predicts no size
shift when the adapting stimulus and test
stimulus are equal in width (1:1 on the
abscissa). It predicts perceived widening
when the test stimulus is wider than the
adapting stimulus and perceived narrow-
ing when the test stimulus is narrower.

The differences between our data (Fig.
1A) and the predictions of the size model
seem sufficient to rule out a size-specific
model for results with rectangular test
objects. [The function on Fig. 1B, which
fits the prediction from a size-specific
model, consists of data obtained in the
perceived frequency shift experiment
(1), which used sine wave gratings as
both adapting and test stimuli. Because
only sine wave stimuli were used, the re-
sults are consistent with both a size-spe-
cific and a frequency-specific model. ]

Are the data we obtained (Fig. 1A)
consistent with a frequency-specific
model? Figure 2A shows the relation be-

“tween three different adapting gratings

and the test rectangle in the spatial fre-
quency domain. The curve is the one-di-
mensional amplitude spectrum of a 10’
rectangle. The arrows represent some of
the adapting grating frequencies used in
experiment 1. (The corresponding size
ratios from Fig. 1 are indicated.)
According to the spatial frequency ex-
planation, adaptation to a grating makes
the spatial frequency channels less re-
sponsive to frequencies near the adapt-
ing frequency. Therefore, perceived wi-
dening should occur when there is rela-
tively less response from the higher
frequency channels. Accordingly, the

perceived widening we obtained after ad-
aptation to gratings (Fig. 1A) would re-
sult from a relative decrease in the ef-
fectiveness of higher spatial frequencies.
Thus, although our results are not con-
sistent with a size-specific model, they
are consistent with a spatial frequency
model.

In addition to the widening we ob-
served, the frequency-specific model
would also predict perceived narrowing
after adaptation to a grating whose fre-
quency is below the equilibrium point of
the effective amplitude spectrum of the
rectangle—that is, the product of the am-
plitude spectrum of the physical spatial
frequency of the rectangle and the spatial
modulation transfer function of the visu-
al system. Thus to obtain perceived nar-
rowing we would either have had to use
very small test rectangles or adapting
gratings of very low frequency. Because
subjects could not make meaningful
judgments of squareness for rectangles
smaller than 5’ of arc, we used gratings
ranging in frequency from 8 cycles per
degree to as low as 1/8 cycle per degree
and large adapting fields ranging in size
from 7° to 23° (9).

The predictions from the spatial fre-
quency hypothesis were supported (for
example, Fig. 2B) (/0). Adapting to low-
frequency gratings led to perceived nar-
rowing, as indicated by the points lying
below zero. After adaptation to very
low-frequency gratings, low-frequency
channels contributed relatively less to
the final judgment, and the observer
therefore saw the rectangle as narrower.
The points lying above zero corroborate
our earlier findings of perceived widen-
ing (Fig. 1A) (I1).

Figure 2C gives a more detailed analy-
sis of the spatial frequency explanation.
It shows the ‘distribution of response to
the 10’ rectangle, calculated by multi-
plying the rectangle’s frequency spec-
trum by the modulation transfer function
of the visual system (/2). The arrow at
the right (bar and rectangle width equal)
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shows that adaptation to a grating at this
frequency will make the spatial frequen-
cy channels less responsive to the high-
frequency components of the rectangle
and should make the rectangle appear
wider; in fact, in our experimenit this ad-
aptation did produce perceived widening
(as opposed to no change as predicted by
the size-specific model). The center ar-
row shows a possible equilibrium grating
bar size. Although adaptation should re-
duce sensitivity at this frequency, there
should be no subsequent size changes;
none were observed. The arrow at the
left shows that adaptation to a grating at
. this frequency (bars eight times wider
than the rectangle) should make the spa-
tial frequency channels less responsive
to the low-frequency components of the
rectangle, and should make the rectangle
appear narrower; this adaptation pro-
duced the predicted narrowing.

Thus, in our investigation of how prior
viewing of a grating affects the perceived
size of a rectangle, we found support for
the hypothesis that the visual system
codes size on the basis of the spatial fre-
quency comporients rather than the
width of the stimulus per se (/3).
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Genetic Resistance to Aflatoxin in Japanese Quail

Abstract. Progress was rapid in attempts to develop lines of quail resistant to
acute aflatoxicosis induced by oral dosing with aflatoxin. After five generations of
selection, 8- and 11-fold differences were present in mortality between two selected
lines and their respective control lines. These quail lines should be of value in
investigating the physiological basis of resistance to aflatoxin.

Aflatoxin, a carcinogenic metabolite,
is produced by the filamentous fungi As-
pergillus flavus and Aspergillus para-
siticus (I). Because this mycotoxin con-
taminates a number of feedstuffs that en-
ter into the food chains of humans, its
long-term influences on human health
are of concern. The economic impact of
aflatoxin is evident from reduced growth
and productivity resulting from ingestion
of this mycotoxin by domestic animals.

Genetic variation for resistance of ani-
mals exposed to aflatoxin is suggested by
differences noted between the New
Hampshire and other breeds of chickens
). Through artificial selection, it may
be possible to not only demonstrate ge-
netic variation to aflatoxin, but also to
develop populations of domestic animals
resistant to the adverse effects of aflatox-

in. Such animals would be useful for the
investigation of the physiological dif-
ferences between resistant and non-
resistant populations and serve as a mod-
el to study the mechanism of aflatoxin
toxicity within the organism. The objec-
tives of our study were to investigate the
genetic factors of selection for resistance
to aflatoxin with the Japanese quail as a
model and to develop resistant lines for
determining systems influenced by the
selection process.

Aflatoxin was produced on polished
rice (3), with incremental increases in
temperature during the incubation period
). After the rice was autoclaved to kill
the mold, it was ground to a fine powder,
and the aflatoxin was extracted from the
substrate (5) and quantified by high-pres-
sure liquid chromatography. The fer-

Table 1. Mortality of Japanese qU‘aii from acute aflatoxicosis by line (control and selected) and

generation.
Aflatoxin at 2.5 mg/kg Aflatoxin at 3.0 mg/kg
Gen- Control Selected Control Selected
era-
tion Mor- Mor- l'{a]: Mor- Mor- Ra-
N* tality N* tality tio N* tality N* tality tiof
(%) (%) (%) (%)
S, 65 40.0 139 14.4 2.8 74 71.6 121 39.7 1.8
S, 91 72.5 179 36.9 2.0 87 88.5 157 42.0 2.1
Ss 119 79.0 152 22.4 3.5 100 97.0 163 35.6 2.7
S, 69 78.3 129 11.6 6.8 69 78.3 185 12.4 6.3
S 75 75.0 175 6.3 11.9 70 82.9 180 10.0 8.3

*Total number of birds challenged.
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‘tControl mortality:selected mortality.
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