
field also suggests a familiarity with the 
latter and is consistent with the hypothe- 
sized electromagnetic compass sense 
(12, 13). 

A D .  J .  KALMIJN 

Incorrect responses 

Fig. 2. Results of stingray orientation experiments as evaluated by sequential analysis. 
Stingrays 1 ,  2 ,  and 3 were conditioned to orient with respect to uniform electric fields of 5 nV/ 
cm under various magnetic conditions: (A) in a magnetic null field, (B)  in the presence of only 
the vertical component of the earth's magnetic field, and (C) in the normal earth's magnetic field 
as measured in the southern California area where the rays were collected. The a and P errors 
associated with acceptance of orientation (.75 or three out of four, upper critical line) and 
rejection of orientation ( . S O  or  random, lower critical line) were both set at ,001. 

tional to  cosine CY, where ci is the angle 
between the electric field vector and the 
normal to the wall surface. A circular, 
wide-meshed plastic fence kept the ani- 
mals from coming too close to the salt- 
bridge tubes. At a tank diameter o f  1.8 
m ,  a water depth o f  15 cm ,  and a resistiv- 
ity o f  22.5 ohm-cm, a total o f  0.6 F A  
sufficed for the threshold field (5 nV/cm) .  
Inside the fence, the field was uniform to 
within 5 percent (14). The magnetic field 
was controlled by two single-axis Helm- 
holtz coils. 

Stingrays were tested two or three at a 
time, which allowed them to interact 
competitively. They earned a food re- 
ward for entering the correct enclosure, 
and a gentle prodding for an incorrect 
choice. Before each trial, the polarity o f  
the field was selected randomly to pre- 
vent the use o f  nonelectrical cues. The  
experiments began at field strengths 
common in ocean waters, either 0.16 or 
0.08 pV/cm (10). After each series, the 
voltage gradient was lowered by a factor 
o f  two until the stingrays failed to orient. 

Orientational performances were eval- 
uated by the sequential probability ratio 
test (13, 15). The  null hypothesis Ho was 
defined by a random or 50 percent cor- 
rect choice, and the alternative hypothe- 
sis H I  by a three out o f f our  or 75 percent 
correct choice. The  risks o f  erroneously 
rejecting or accepting Ho were both set 
at CY = p = ,001. In conformity with the 
usual procedure in sequential analysis, it 
was decided after each trial whether to 
accept the null hypothesis, to reject it ,  or 
to collect more data. The  results o f  the 
series at 5 nV/cm (Fig. 2) showed that 
the first stingray oriented electrically, at 
P 5 ,001, under all three magnetic con- 
ditions (218, 59, and 47 trials, respective- 
l y ) ;  that the second stingray failed to 
orient in the null magnetic field (171 
trials), but did orient electrically in the 
presence o f  the vertical and the normal 
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magnetic fields (62 and 77 trials, respec- 
tively); and that the third stingray was 
random in the null field ( 1  13 trials), ori- 
ented electrically in the vertical magnetic 
field (I21 trials), and did not reach either 
critical level in the normal magnetic field 
(289 trials). At a field strength o f  2.5 nV/  
cm ,  orientation was random in all three 
fish. 

It should be emphasized that a suc- 
cessful performance would be extremely 
unlikely, at set criteria, i f  the fish were 
actually unable to orient to  the field, 
whereas a lack o f  orientation need not 
contradict the animal's capabilities. 
However, whether elasmobranchs actu- 
ally apply their electric sense to the 
detection o f  ocean currents and territori- 
al cues must still be verified at sea. That 
the stingrays are able to distinguish the 
imposed electric fields from the usually 
much stronger fields that they induce by 

Scripps Institution of Oceanography, 
Universitj~ of California, 
La Jolla 92093 
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Correlations Perceived and Measured 

Cleveland, Diaconis, and McGill ( I )  
describe three related experiments in 
which groups o f  subjects o f  some to 
presumably great sophistication about 
statistical procedures were asked to 
judge. by the "eyeball method," linear 
association o f  synthetic two-dimensional 
scatterplots. The diagrams were con- 
structed to reflect significant scale 
(point-cloud size) variation at constant 
degree o f  association, for a range o f  
degrees o f  association (2) .  

The results o f  all three experiments 
agreed that an increase in scale, which is 
manifest in decreased point-cloud size, is 
usually accompanied by increased 
judged association; furthermore, the two 
quantitative studies indicated that per- 
ceived degree o f  association does not 

appear to be a simple function o f  the 
most familiar statistic, the correlation 
coefficient. Cleveland er al. suggest sev- 
eral explanations for the scale e f fec t ,  
including perceived properties o f  the 
scatterplot ellipses and point size rela- 
tive t o  display area dimensions, but they 
appear to overlook a simpler explanation 
which ultimately bears on the second 
result, that is,  the role o f  the correlation 
coefficient, as well. 

This concerns the perceptual influ- 
ences o f  the axes and whether and how 
they are specified and located implies 
varying weights for the origin. Can the 
observer fail to note that the point cloud 
falls about the line y = s and uncon- 
sciously add the origin as a fixed point 
[with greater ef fect  the further the point 
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o f  the more highly correlated scatterplot o f  pairs could test all of this with experiments the distribution appears from the origin (3)]? 
This is tantamount, in the limit of com- 
plete reference to the origin, to substitu- 
tion of the raw relationship 

for the correct definition of the correla- 
tion coefficient 

in quantitative evaluation of linear asso- 
ciation. It is well known, however, that 
R can be made as  near unity as desired 
by translation of the point-cloud distribu- 
tion with respect to (away from) the 
origin; r remains invariant to such trans- 
formations (4). Increasing scale gives the 
impression of such movement and hence 
the erroneous conception of improved 
association (correlation). 

This explanation raises several other 
pertinent questions, some of which may 
be answerable from data already avail- 
able from this or related studies. The 
first is whether significant differences are 
to be noted between the responses of 
more sophisticated subjects and those 
less so, such as beginning statistics stu- 
dents, to whom the role of the mean 
would be expected to be less obvious. 
(The existence of this comment suggests 
not.) Another question is whether com- 
plete absence of axes (that is, having 
point-clouds on otherwise bare panels) 
or translation of axis origin to the center 
of gravity of the point clouds or  other- 
wise (without rotation) would change the 
perceptions and hence the subjects' re- 
sponses significantly. Such translation 
without rotation of course maintains the 
same value of r. Conversely, would dif- 
ferent judgments of linear association 
accompany axis rotation that changes 
the value of r? 

Thus, although the procedures de- 
scribed by Cleveland et al. for uncover- 
ing perceptual strategies in judging asso- 
ciation are clear for the case of centered 
data, they may not apply when other 
forms of presentation are used. 

STANTON EHRENSON 
Department of Chemistry, 
Brookhaven National Laboratory, 
Upton, New York 11973 
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Radiation Angle and Heat Transferred to a Bird 

In a study of thermoregulatory effects 
of avian plumage, Lustick et al. (I) draw 
two unsubstantiated conclusions: (i) "as 
the angle of incidence increases, the re- 
flection coefficient goes up no matter 
what the color" of the feathers, and (ii) 
"as the bird increases the angle of inci- 
dence to direct solar radiation through 
postural changes . . . color becomes less 
important," o r  more specifically that "a 
dark bird by postural adjustment (in- 
creasing the angle of incidence) can ef- 
fectively become white with regard to 
solar radiation. " 

A major difficulty is that analysis omit- 

Gray W h ~ t e  
27" 0 

20" 0 

Zenith angle of ncldence, 0 (deg) 

Fig. I .  The expected decrease in heat flow 
with incidence angle due to decreased area of 
irradiance is shown by lines calculated with 
three sample cosine functions having different 
maximum heat flows at 0' zenith angle. The 
actual heat flows measured in (1) are shown 
by data points for four experiments with dif- 
ferent air temperatures. Error expressions are 
included where given in (I),  space on the 
graph permitting; points not plotted at 0 = 70' 
are all zero. 

ted the principal variable affected by 
increased incidence angle: the effective 
area being irradiated. Absorbed radiant 
power (R) is governed by R = AaI, 
where A is the silhouette area being 
irradiated, a the absorption coefficient, 
and I the irradiance (2) .  Lustick et al. (1) 
held I constant and apparently assumed 
that the inferred change in R was due to 
altered a ,  whereas the main effect is 
actually due to change in A .  If a square 
plane x on a side is normal to  the radia- 
tion,axis, its silhouette area is x2; but if 
that square be tilted through an angle 0 
along any axis parallel to  one of its sides, 
its silho.uette has the dimensions x and 
x c o d ,  for a silhouette area of x2 cos0 
(3). 

There is insufficient information in (1) 
to model heat transfer of the plumage 
completely (4), but one may compare the 
measured heat flow beneath the feathers 
with the reduction expected from re- 
duced silhouette areas. Figure 1 shows 
that the transferred heat does indeed 
decrease markedly with greater zenith- 
angle of incidence. However, it does so 
primarily because of the reduced silhou- 
ette area, as indicated by the cosine 
curves for sample maximum values of 
100, 60, and 30 W/m2. It  might also be 
true that "as the angle of incidence in- 
creases, the reflection coefficient goes 
up" (I) ,  but such an effect would be too 
small to detect in the data-variability at  
low angles. Furthermore, there is no 
evidence that by "increasing the angle of 
incidence" the bird "can effectively be- 
come white" (5). 

Does the experiment apply to real 
birds in sunlight? By "postural adjust- 
ment" Lustick et al. apparently refer to 
bodily orientation, whereas the principal 
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