their apparent frequent imitation of the
latter, even if only in the sedentary
context, makes sense. Acmaeodera
might thus simply have carried matters
one step further, by locking its elytra
and taking its hymenopteran rump to
the air.

The only other beetles with fully
developed elytra known to fly with
elytra unspread are the cetoniine
scarabs (family Scarabaeidae, tribe
Cetoniini) (2) (compare Fig. 1, G
and H). Although the significance of
flight modification in this group re-
mains to be explained, mimicry may
again be involved, perhaps only as a
contributing factor, and then only in
some species. Euphoria limbalis, which
we have observed on Lignumvitae Key,
Florida, has the same darting and
hovering flight and lives in precisely
the same habitat as a large carpenter
bee (Xylocopa micans). The bright
greenish elytra of the beetle, which im-
part upon its body the metallic sheen
of the bee, heighten the resemblance.
Both beetle and bee were seen to feed
in numbers on blooming palms. As
evidenced by its acceptability to our
captive jay, the beetle is apparently
edible. Euphoria limbalis, like other
cetoniines, has the elytra notched where
the hindwings project in flight (Fig. 1,
part I) in striking similarity to what
Acmaeodera has evolved in parallel
(see 4).
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Size Discrimination on the Skin

Abstract. Reasons are given for rejecting the two-point threshold as the standard
measure of spatiotactile resolution. As alternative techniques, thresholds were
obtained for disc-size and disc-annulus discriminations. Disc-annulus thresholds
are comparable to two-point values, but disc-size thresholds are smaller by a
factor of 10. Thus, at least part of the cutaneous system is better organized for
localization and sizing of a stimulus than for detection of discontinuities in it.

The two-point threshold is consid-
ered the standard measure of spatio-
tactile resolution. As a result, the major
portion of man’s integument is thought
to be insensitive spatially; thresholds
run as high as 48 mm (7). This test
appears to have emerged from thinking
relevant to vision, where it is important
to separate objects which must be
manipulated. This logic may be appro-
priate for the fingers or tongue, which
are manipulative structures with small
two-point thresholds (7). However, it
makes less sense for the remainder of
the skin surface, which serves as a
warning system, eliciting reflexive ac-
tion and visual attention. For these
body parts, it would not be as impor-
tant tactually to separate stimuli as to
determine their locus, size, quality, and
intensity.

Two-point thresholds are consider-
ably larger than point localization
thresholds, and the two procedures
differ only in simultaneous versus suc-
cessive presentation of points. Thus,
lateral inhibitory interaction between
points would occur only in the two-
point determination. Though lateral
inhibition appears to sharpen contours
(2), it may interfere with detection of
gaps. In addition, the extensive over-
lapping of tactile receptive fields should
hamper gap detection and facilitate
size discrimination.

Our study tested the hypothesis that
size discrimination would demonstrate
a sensitivity that is not generally recog-
nized for the skin senses. The intent is
to develop tests that will reflect under-
lying physiological processes and ana-
tomical organizations, such as size of
field, amount of overlap, extent of
lateral inhibition or facilitation, and so
forth (3).

Four individuals served as subjects.
The stimuli consisted of solid plastic
cylinders, integral sixteenths of an
inch (1/16th inch = 1.59 mm) in diam-
eter, and approximately 4 inches (10 cm)
long. Two series of threshold deter-
minations were made. In one series
standard and test stimuli were im-
pressed on the.same patch of skin on

the belly of the forearm (same arm).
In the other series, the standard was
impressed on the right and the test
stimulus on the left forearm or vice
versa (other arm).

In both series, threshold determina-
tions were made up and down from
four standard stimuli, 4, 8, 16, and
24 sixteenths of an inch. At each
standard the up- and down-thresholds
were averaged to obtain the difference
limen (DL). To obtain an up-threshold
a test stimulus was chosen which
seemed too big. Then 50 trials were
run in which test and standard stimuli
were impressed on the skin 0.5 to 1.5
seconds apart. The subjects reported
which of the two stimuli, the first or
the second, was larger. Order of pres-
entation and, in the other-arm series,
association with the right or left arm,
were randomized. Threshold was de-
fined as the distance from the standard
at which the subject correctly identified
the test stimulus as larger 75 percent
of the time. If the first test stimulus
yielded better than 75 percent correct,
a series of 50 trials were run with a
smaller stimulus. Threshold was calcu-
lated by linear interpolation from the
two bracketing test stimuli. The down-
thresholds were determined in the same
way except that the test was smaller
than the standard stimulus.

Care was taken to apply the two stim-
uli as evenly as possible and without
systematic bias (4). Stimulus pressure
was always firm and sufficient to leave
a complete, visible ring on the skin.
As a check on the influence of pressure,
up and down disc-thresholds were ob-
tained from two subjects under four
conditions of stimulus pressure, with a
standard of 16 sixteenths. In these
series, the stimuli were just sufficient
to produce a visible ring (LL), very
firm and bordering on noxious (HH),
or a combination of these (LH or HL).
In the latter two conditions, heavy and
light pressures were randomized over
presentations of test and comparison
stimuli.

Two-point and disc-annulus thresh-
olds were also determined for each
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subject. The same-arm method was
used in both cases. In the disc-annulus
determinations the test procedure was
the same as for disc size, except that a
disc was compared with a ring which
had the same outside diameter. Discs
and annuli were graduated in %4-inch
steps, and the annuli were 8th inch
thick. The subject was asked to say
whether the first or second stimulus was
the ring. Threshold is reported in terms
of the inside diameter of the ring.

The stimuli in the disc-annulus de-
terminations were made of aluminum,
and temperature appeared to affect
their perception as disc or annulus. To
eliminate systematic bias, a second set
of stimuli was made and one of them
heated to 39°C while the other was left
at room temperature. In testing, disc
and annulus were each “hot” half of
the time. Order of presentation, of
course, was also randomized.

To determine two-point thresholds,
a single stimulus was used. The subject
was touched with either one or two
points and asked to say which. Twenty-
five one-point and 25 two-point touches
were given in a series. From series to
series, the distance between the two
points was graduated in steps of 4 mm.

The results are summarized in Fig. 1.
For all four subjects, disc DL’s vary
between 2 and 6 mm; disc-annulus
and two-point thresholds are roughly
comparable, ranging around 30 mm.
Our values for the two-point threshold
are smaller than those usually reported
for the belly of the forearm. Neverthe-
less, every subject has at least one DL

“and two have several, less than one-
tenth the size of the same subject’s
two-point (or disc-annulus) threshold.

Disc thresholds were essentially un-

affected by variations in stimulus pres-
sure. Average thresholds in sixteenths
- for the pressure control conditions
were: HH = 2.1, LL =2.3, HL = 2.0,
and LH = 2.2. These fall well within
the range of values obtained with inter-
mediate pressure as shown in Fig. 1
(same arm; standard = 16).

In general, other-arm DL’s are larger
than corresponding same-arm DL’s. The
mean other-arm DL for all subjects is
2.62, while the mean same-arm DL is

2.04. The difference is significant at.

the .05 level by a #-test for correlated
means.

Analysis of variance of DL into sub-
jects, subjects by standard stimuli, and
linear and curvilinear sources of varia-
tion shows significant curvilinearity for
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Fig. 1. Difference limens (DL) for four
subjects in sixteenths of an inch and milli-
meters are plotted for standard stimuli that
range from 4 to 24 sixteenths of an inch.
On the left (same arm), both standard
and comparison stimuli touched. one arm,
while the other-arm condition consisted of
one stimulus to each arm. The inset table
presents two-point and disc-annulus thresh-
olds for the same subjects. Thresholds at
12 and 20 sixteenths were not included in
the statistical analysis.

both same-arm and other-arm ‘DL’s.
Significance, however, is stronger for
other-arm (P < .001) than for same-
arm DL’s (P < .05). The chief reason is
the smaller variances within arrays for
other-arm DL’s. The variance due to
linearity is virtually the same in the
two sets of data. This last point may
also be made by fitting regression lines
for DL on standard stimulus. The
slopes in the two regression equations
are shallow (.014 and .013 for same and
other arm, respectively). Still, there
is an increase in DL as larger stimuli
are used; and, as would be expected,
the up-thresholds tend to be somewhat
larger (.22 sixteenths of an inch on the
average) than the down-thresholds. The
difference, however, is not significant.

It is not clear from these results what
the effective stimulus in the disc dis-
crimination is. It could be either diam-
eter or area. If the psychophysical re-
lation is a power function, as Stevens
has argued (5), the Weber function
would be linear in either case; the dif-
ference would reflect itself only in the
exponent. In our data the Weber func-
tion is curvilinear, but this curvilinear-
ity may be an end effect that derives
wholy from the DL’s for the %4-inch
standard.

In any case, the main finding is the
dramatic increase in sensitivity when
judgment is made on size rather than

twoness or continuity of an impressed
object. In the literature, two-point
thresholds for the belly of the forearm
are about 40 mm, and point localiza-
tion thresholds are 9 mm (/). Size
thresholds, however, lie in the interval
from 2 to 6 mm. ‘

In the same-arm method, it might be
supposed that some of this sensitivity
is dependent upon stimulating the same
patch of skin with both the standard
and test discs. It turns out, however,
that in the other-arm method the DLs,
though elevated, are less than 1 mm
higher than in the same-arm method.
Plainly, therefore, the stimulation of
common neural elements is not neces-
sary for low thresholds in size discrim-
ination.

It is necessary to distinguish between
gap detection and the discrimination of
overall dimensions. In disc-annulus
determinations the subject is asked to
detect the (unimpressed) interior of a
test object, and in the compass test he
is asked to discriminate unstimulated
skin between the two points, hence,
their number—while in discriminating
two discs the subject judges the outside
or overall dimensions of the test objects.
The results of this study suggest that
the skin is primarily organized for local-
ization and size discrimination.
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