
secured by a ligature, and a second ligature 
closed the biliary duct just before its opening in- 
to the duodenum. Other experiments were con- 
ducted in which injections were made into the 
ducts only (not their respective regions of drain- 
age) with a mixture of India ink and latex 
(50: 50 by volume). Following the injections, 
the mixture was hardened with acetone; the re- 
sulting casts were revealed by digesting the exo- 
crine tissue surrounding the ducts with concen- 
trated HC1. 
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cific antiserums, each section of the islet was 
photographed on Kodak color slide film at a final 
magnification of x80 in a Zeiss photomicro- 
scope (Zeiss, Inc., Ober Kochen, West Germany) 
equipped for fluorescence. Each color slide was 
projected onto a 245 by 330 by 4 mm Lucite 
sheet at a final magnification of x 1200. A col- 
ored pen was used to transfer the fluorescent im- 
age of each cell to the Lucite sheet. The same 
color was used to represent cells stained by a 
particular antiserum. In the reconstructed islet, 
every fourth Lucite sheet represented the stain- 
ing by the same antiserum. 

7. A morphometric analysis (8) of human pan- 
creases obtained from autopsies and stained by 
the immunofluorescent techniques used for the 
rat pancreases has revealed similar hetero- 
geneity among the populations of endocrine 
cells depending on their location within the 
gland. Of the endocrine cell volume in sections 
of the posterior part of the pancreatic head in 
normal adults, about 76 percent contained pan- 
creatic polypeptide, 21 percent contained in- 
sulin, 2 percent contained somatostatin, and 1 
percent contained glucagon. However, of cells 
in the body of the pancreas, about 85 percent 
contained insulin, 11 percent contained gluca- 
gon, 3 percent contained somatostatin, and only 
1 percent contained pancreatic polypeptide. 
Moreover, the pancreatic polypeptide-rich re- 
gion in the head of the pancreas was separated 
from the remainder of the gland by a plane of 
connective tissue [L. Orci, F. Malaisse-Lagae, 
D. Baetens, A. Perrelet, Lancet 1978-II, 1200 
(1978); F. Malaisse-Lagae, L. Orci, A. Perrelet, 
N. Engl. J. Med. 300, 436 (1979); F. Malaisse- 
Lagae, Y. Stefan, J. Cox, A. Perrelet, L. Orci, 
Diabetologia, in press]. Independent evidence 
for a partition of the pancreas in pancreatic poly- 
peptide-rich, glucagon-poor and pancreatic poly- 
peptide-poor, glucagon-rich regions in human 
and canine pancreases was recently described 
by using radioimmunoassay to assess the hor- 
mone concentrations and immunoperoxidase to 
detect the respective endocrine cell populations 
[D. J. Gersell, R. L. Gingerich, M. H. Greider, 
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Gerris remigis is a large riverine water 
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most widely distributed North American 
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Diabetes 28, 11 (1979)]. These data correlate 
well wth ours, except for a few human 
cases in which high concentrations of pan- 
creatic polypeptide were not accompanied by 
numerous pancreatic polypeptide-containing 
cells. This discrepancy is explained by the fact 
that in the human pancreas, the pancreatic poly- 
peptide-rich islets are often contained only in 
the posterior part of the pancreatic head rather 
than in the entire head. If the anterior part of the 
head is radioimmunoassayed for hormonal con- 
centrations and the posterior part for immuno- 
peroxidase staining (or the reverse), then the 
discrepancy may arise. 
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Eng. 215, 526 (1959); D. Baetens, Y. Stefan, M. 
Ravazzola, F. Malaisse-Lagae, D. L. Coleman, 
L. Orci, Diabetes 27, 1 (1978). 

9. Series of four successive serial sections were 
obtained in dorsal and ventral regions of the 
pancreas of two male rats (250 g), stained se- 
quentially with the four antiserums, and eval- 
uated morphometrically as described in (8). Val- 
ues pooled from 20 islets studied in each pancre- 
atic region of each rat, expressed as volume den- 
sity and percentage of each cell type, are: 

Volume P 
Hormone density cent- 

(by 
volume) age 

Dorsal islets 
Insulin 0.618 82.5 
Glucagon 0.111 15.0 
Somatostatin 0.015 2.0 
Pancreatic 0.004 0.5 

polypeptide 
Ventral islets 

Insulin 0.600 82.0 
Glucagon 0.010 1.3 
Somatostatin 0.018 2.4 
Pancreatic 0.106 14.3 

polypeptide 

10. L. Orci, D. Baetens, M. Ravazzola, Y. Stefan, 
F. Malaisse-Lagae, Life Sci. 19, 1811 (1976); 
C.R. Acad. Sci. Ser. D 283, 1213 (1976). 

11. R. L. Pictet, W. R. Clark, H. R. Williams, J. W. 
Rutter, Dev. Biol. 29, 436 (1972). 

12. R. L. Pictet and W. J. Rutter, in Handbook of 
Physiology, sect. 7, Endocrinology, vol. 1, En- 
docrine Pancreas, D. F. Steiner and N. Frein- 
kel, Eds. (Williams & Wilkins, Baltimore, 1972), 
p. 25. 
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ald, and S. Ito for providing the antiserums, and 
I. Bernard, I. Fuglister, A. M. Lucini, and M. 
Sidler-Ansermet for expert technical assistance. 
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mating behavior by vertical oscillations 
of their legs in a fashion similar to that 
used by adults of the Old World species 
Rhagadotarsus kraepelini (2). Gerris re- 
migis males (third-instar nymph through 
adult stage) can produce high-frequency 
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(HF) surface wave signals of 80 to 90 
waves per second (Fig. 1) and low-fre- 
quency signals of 3 to 10 waves per sec- 
ond. Females (third-instar nymph 
through adult stage) produce only low- 
frequency signals. Previously, I demon- 
strated that, in R. kraepelini, signals 
from males attract receptive females and 
may induce oviposition (2). I now report 
experiments in which an unusual play- 
back technique is used to show that adult 
G. remigis males can discriminate adult 
sex solely by whether or not other adults 
produce HF signals. 

During many field trips in Kansas and 
New York from 1975 to 1978, I saw G. 
remigis males in their mating season re- 
peatedly approach to within a few cen- 
timeters of other adults and apparently 
test each adult by producing HF surface 
wave signals or by grasping them. If a 
male was grasped, the two males ex- 
changed HF signals while in contact, and 
then the grasping male disengaged and 
moved away. Males in close proximity (a 
few centimeters) generally exchanged 
HF surface wave signals, whereupon the 
approaching male would either grasp the 
other or move away. If the approaching 
male encountered a female, however, he 
usually attempted to copulate after test- 
ing her with an HF surface wave signal 
or grasping her (attempted copulations 
were easily distinguished from male- 
male encounters). Males also tested 
adults by approaching closely and re- 
maining briefly without signaling. If the 
approached individual did not produce 
an HF signal, the approacher would usu- 
ally attempt copulation. When approach- 
ed, males generally maintained their po- 
sition and, if grasped, raised their bodies 
and signaled immediately. However, fe- 
males often moved away when ap- 
proached and, if grasped, reacted with 
anything from passive acceptance of 
copulation to violent attempts to dis- 
lodge the male. 

From these observations I hypothe- 
sized that males can use presence or ab- 
sence of the HF signal to discriminate 
adult sex. In trial series 1 and 2, I tested 
this hypothesis by determining whether 
sighted and masked males discriminate 
sex in the laboratory during their mating 
season. Trial series 3 was designed to as- 
certain whether males can use only pres- 
ence or absence of the HF signal to dis- 
criminate sex. 

In trial series 1 and 2, three males were 
placed in an aquarium (surface area, 18 
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tervals of at least 10 minutes. The resi- 
dent males were scored according to 
whether or not they attempted to copu- 
late with a visitor (4). In trial series 2, 
each resident male was blinded with a re- 
movable rubber mask (5). 

Table 1 shows that, in all 120 trials of 
series 1 and 2, sighted and masked males 
always discriminated the sex of visitors 
correctly. Also, in all introductions of 
males, HF surface wave or contact sig- 
nals were always exchanged between 
resident and visitor males. Thus males 
can discriminate sex accurately and 
without visual cues. 

In trial series 3, I ascertained whether 
the HF signal is sufficient for sex recog- 
nition by noting how the male responded 
to freely moving females through whom 
computer-generated HF signals were or 
were not sent. Each female thus became 
her own control, without interrupting the 
flow of interactions. The technique in- 
cluded gluing a tiny samarium-cobalt 
magnet to the top of the femur of a fe- 
male's foreleg, letting her move about in- 
side a coil of magnetic wire (28 cm in di- 
ameter), and then using an IMSAI 8080 
microcomputer to play the HF signal 
(shown in Fig. 1) through an amplifier in- 
to the coil. The vertically oriented elec- 
tromagnetic fluctuations oscillated the 
magnet vertically, making the foreleg 
produce a surface wave signal with fre- 
quency and amplitude characteristics 
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the field by th 
Wilcox (2). Th 
tape was digitiz 
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Table 1. Responses of resident male Gerris remigis to visitor m 
and 2) and to females through whom high-frequency signals were 
series 3, a to e). 

Attempts l 
to copulate 

Num- ter 
Trial ber 
series Situation N f With With cc 

trials female male 1h 
w 

m 

1 Sighted residents 3 60 30 0 
Sighted visitors 

2 Masked residents 
Sighted visitors 

3a Masked male 
Masked female 

3b Masked male 
Masked female 

3c Masked male 
Masked female 

3d Masked male 
Masked female 

3e Masked male 
Masked female 

20 
3 

20 
1 
1 
1 
1 
1 
1 
1 

1 
1 1 

60 30 0 

54 

10 

20 

20 

20 

*Experimental condition. tControl condition. 
began. 
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tMale was alread. 

for experimentation on various substrate 
communication modes--for example, 
web communication among spiders (7). 

In trial series 3, I allowed a masked 
male and a masked, magnet-bearing fe- 
male to encounter each other repeatedly 
as they moved about inside the coil (8). 
(Such repeated encounters occur com- 
monly under natural conditions.) I ran- 
domly played signals (experimental con- 
dition) or did not play signals (control 
condition) when the male showed inter- 
est in copulating with the female by oquency signal of adult male G.o a e 

spacing behavior, recorded in spacing behavior, reorded in closely approaching her head on and ei- 
le galvanometer technique of ther attempting to grasp her or succeed- 
ie analog signal on magnetic ing. In all playback encounters except 
ted at a sample rate of 4000 per trial series 3b (see below), I played the 
per sample) by the analog-to- 
in an IMSAI 8080 micro- signals when the male was within about 
then displayed on a Tektronix 2.5 cm of the female, just before he 
display terminal. For the cen- would have grasped her. Thus these 

tuency group of waves, peak- males could discriminate sex only 
s of the signal gives an average through the presence or absence of play- 
per second. This signal was 
yback per s iments. back surface wave signals (9). This pro- 

cedure also tested whether males re- 
membered the (apparent) sex of individ- 

I from recorded playbacks uals from the preceding encounter. 
phs to be very similar to the All trials were videotaped and then re- 
HF signal (see cover) (6). viewed for scoring. I scored only those 
Iresence of the magnet on encounters in which males approached 

or the playbacks appeared slowly to within about 2.5 cm of females, 
behavior of the females. so that the males would be able to clearly 

ition (behavioral responses sense the presence or absence of play- 
ectromagnetic fluctuations back signals. In trial series 3, a to e, 
ossible), the coil-and-mag- males always treated females as males 
system appears well suited when signals were played and as females 

when signals were not played. Males al- 
ways replied to playbacks with HF sig- 

d fenmes (tri eie als. In the first trial of series 3b (a non- lales and females (trhal series 1 
orwere not played back (trial playback trial), the female copulated 

readily. In eight of nine subsequent trials 
I played signals only after the male had 

Playbacks* No playbackst grasped the still-receptive female, but 
before copulation had occurred. The 

ts- At- male dismounted each time (10). 
npts Nno tempts No These experiments demonstrate that 
to copu- to 

copu- the HF signal is sufficient for G. remigis )pu- lation copu- lation 
ate with late with males to discriminate sex. Even if nor- 
vith fe- with fe- mally involved, visual cues and body 
fe- male fe- male postures and movements are not neces- 
lale male sary for sex discrimination. Chemical 

cues also appear unimportant, since con- 
tact playbacks in series 3b repulsed the 
male even after he had had opportunity 
to receive possible pheromones from the 

0 25 29 0 same female he had copulated with 
shortly before. Males appear not to re- 
member the sex of individuals involved 

0 1 1 9 0 in previous encounters once close con- 
tact is broken. 

0 10 10 0 The coil-and-magnet playback system 
should help to elucidate the role of fre- 

0 11 9 0 quency and wave-form characteristics of 
the HF signal in sex discrimination as 

y g g f w p well as in examining HF signal functions 
y grasping female when playbacks 

in the other contexts in which it occurs, 
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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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communication, see R.-G. Busnel [Acoustic 
Behavior of Animals (Elsevier, Amsterdam, 
1963)], T. A. Sebeok [Animal Communication 
(Indiana Univ. Press, Bloomington, 1968); How 
Animals Communicate (Indiana Univ. Press, 
Bloomington, 1977)], H. Markl [Naturwissen- 
schaften 56, 499 (1969)], and P. H. Brownell 
[Science 197, 479 (1977)]. 

8. I masked females as well as males because 
blinded females are less prone to swim away 
from approaching individuals, making playback 
trials easier to conduct. 

9. I controlled for direct effects of electromagnetic 
fluctuations on the behavior of males by com- 
paring responses of a masked male to HF play- 
backs when the magnet (i) was attached to the 
female (result of ten trials: male was repelled as 
usual), (ii) was absent (result of ten trials: male 
always attempted copulations-as though no 
playbacks had been made), and (iii) was held in 
the air near the female on a nylon whisker, 
which controlled for the magnet's movement per 
se (result of ten trials: male always attempted 
copulation). 

10. I interrupted the copulations several seconds af- 
ter the male had achieved insertion. The fact 
that this masked female was sexually receptive 
during the trials does not imply a connection be- 
tween blindness and her receptivity. After trial 

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 
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State University of New York, 
Binghamton 13901 
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suing struggle, playbacks had no apparent effect 

SCIENCE, VOL. 206, 14 DECEMBER 1979 

series 1 to 3 were completed, playbacks were 
made after the male had achieved insertion. 
They did not cause the male to dismount. Some- 
times a male grasped the female after dashing up 
from 3 to 4 cm away, and during the usual en- 
suing struggle, playbacks had no apparent effect 

SCIENCE, VOL. 206, 14 DECEMBER 1979 

on the male (except in trial series 3b). This sug- 
gests that differences in body movement sensed 
when they are struggling may also enable males 
to discriminate sex. In the field, males occasion- 
ally attempted to copulate with other males, re- 
gardless of the HF contact signals probably pro- 
duced initially. Such homosexual attempts may 
have occurred because the grasping male inter- 
preted the violent movements of the grasped 
male as female in character, or because the 
grasping male was sexually deprived. 
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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 spatialfrequency 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. 
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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 (1, 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 
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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 (1- 
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- 
cy, and the perceived frequency would 
also be shifted. 

Alternatively, spatial vision may be 
mediated by size-specific rather than by 
frequency-specific mechanisms (4). 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 (1)]. 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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