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in their endocrine cell content. 

Recent textbooks in histology (1) de- 
scribe the endocrine pancreas as a col- 
lection of minute secretory masses, 
called islets of Langerhans, that are 
formed of insulin-containing cells (most 
abundant), glucagon-containing cells, 
and somatostatin-containing cells (least 
abundant). Islets of Langerhans are said 
to be dispersed randomly in the exocrine 
tissue and to be more numerous in the 
body and tail of the gland than in the 
head. This report demonstrates that this 
view is largely incomplete. 

In the rat, the pancreas is an irregular- 
ly shaped, elongated organ extending be- 
tween the duodenum and the spleen. It is 
drained by at least two main excretory 
ducts (2) which open into the biliary duct 
at various levels. Injection of India ink 
(3) into the main proximal (or dorsal) 
duct, which drains into the biliary duct 
closest to the liver, results in the black- 
ening of at least two thirds of the gland 
including the tail, body, and upper part 
of the head (Fig. 1A). Injecting the main 
distal (or ventral) exocrine duct, which 
opens into the hepatic duct closest to the 
duodenum, stains the remaining third of 
the pancreas (the lower part of the head) 
(Fig. 1C). Figure lB illustrates diagram- 
matically the paths of these ducts. 

A rat pancreas was fixed by perfusion 
with Bouin's fluid, and a piece (1 by 0.5 
by 0.3 cm) was removed from the region 
drained by the dorsal duct, dehydrated, 
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lets of Langerhans (the islets in this re- 
gion are referred to as dorsal islets). The 
sampled areas yielded several islets com- 
pletely or incompletely cut by the serial 
sectioning. From these islets, one was 
selected for reconstruction on the basis 
of completeness and quality. Successive 
groups of four consecutive sections in 
this series (77 sections were needed to 
include the entire selected islet) were 
stained by the immunofluorescence tech- 
nique of Coons et al. (4), with specific 
antiserums to insulin, glucagon, soma- 
tostatin, and pancreatic polypeptide (5) 
being used. Color photographs from 
each immunofluorescent stained section 
were copied to scale onto Lucite sheets 
(Fig. 2, A to D) (6). The numbers of each 
endocrine cell type on each sheet were 
counted. Of 3126 cells counted, 2063 (66 
percent) contained insulin, 874 (28 per- 
cent) contained glucagon, 123 (4 percent) 
contained somatostatin, and 66 (2 per- 
cent) contained pancreatic polypeptide. 
Nine islets stained in the same sections 
showed qualitatively the same distribu- 
tion. 

A similar reconstruction procedure 
was applied to one of the 16 ventral islets 
present in serial sections of a block taken 
from the lower part of the pancreatic 
head (Fig. 2, E to H), which is drained by 
the main ventral exocrine duct. In 68 se- 
rial sections evaluated, 4136 cells were 
counted, of which 3061 (74 percent) con- 
tained insulin, 818 (20 percent) contained 
pancreatic polypeptide, 190 (4 percent) 
contained somatostatin, and 67 (< 2 per- 
cent) contained glucagon (7). 

Fig. 1. (A) Thick longitudinal section in paraf- 
fin of an entire rat pancreas following injec- 
tion of India ink into the main dorsal exocrine 
duct. Approximately two-thirds of the gland is 
stained, including the tail (right), body, and 
superior part of the head (left). The remaining 
third, the inferior part of the head, is not 
stained. The stained region yielded islets of 
Langerhans rich in glucagon-containing cells 
and poor in pancreatic polypeptide-contain- 
ing cells (see Fig. 2, A to D) (x 1.3). (B) Dia- 
gram of a pancreas showing pancreatic 
ducts injected with a mixture of India ink and 
latex (3). The main dorsal duct draining the 
part of the pancreas stained in (A) opens into 
the biliary tract at the point where the two he- 
patic ducts merge to form a single biliary duct 
(BD). The main ventral duct draining the 
lower part of the pancreatic head [see (C)] 
opens into the biliary duct below the entry of 
the main dorsal duct and close to the duode- 
num (not shown): (C) Thick longitudinal sec- 
tion in paraffin of an entire rat pancreas fol- 
lowing injection of India ink into the main 
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Endocrine Pancreas: Three-Dimensional Reconstruction 

Shows Two Types of Islets of Langerhans 

Abstract. Three-dimensional reconstructions of islets of Langerhans, based on im- 
munofluorescent staining of successive serial sections with antiserums to insulin, 
glucagon, somatostatin, and pancreatic polypeptide reveal a marked difference in 
the number of cells containing glucagon and pancreatic polypeptide depending on 
the anatomical location of the islet in the pancreas. The two types of islets are situat- 
ed in regions of exocrine tissue that are drained by different excretory ducts. This 
demonstration contradicts the assumption that all islets in the pancreas are similar 
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The nonhomogeneous distribution of 
endocrine cell populations in islets from 
different pancreatic regions was further 
ascertained by performing a morphomet- 
ric analysis (8) of the four endocrine cell 
types in 40 dorsal islets (glucagon-rich, 
pancreatic polypeptide-poor) and in 40 

ventral islets (pancreatic polypeptide- 
rich, glucagon-poor) from two rats. The 
results of this evaluation confirm the 
data obtained by counting the four cell 
types individually in each reconstructed 
islet (9). 

The pancreatic regions that provided 

Fig. 2. Immunofluorescent sections and reconstructed models of the two types of islets of Lang- 
erhans in the rat. (A) Section of the islet selected for reconstruction in the dorsal pancreatic 
region drained by the main dorsal exocrine duct. Staining of the section with antiserum to 
glucagon reveals a rim of glucagon-containing cells at the islet periphery (x270). (B) Lucite- 
sheet reconstruction of the dorsal islet showing large numbers of glucagon-containing cells. (C) 
Section successive to the one shown in (A), stained with antiserum to pancreatic polypeptide. 
Note the scarcity of pancreatic polypeptide-containing cells (x270). (D) Lucite-sheet recon- 
struction of the dorsal islet showing scarce pancreatic polypeptide-containing cells. (E) Section 
of the islet selected for reconstruction in the lower part of the ventral head drained by the main 
ventral exocrine duct. Staining of the section with antiserum to glucagon demonstrates the 
scarcity of glucagon-containing cells (x220). (F) Lucite-sheet reconstruction of the ventral islet 
showing scarce glucagon-containing cells. (G) Section after the one shown in (E), stained with 
antiserum to pancreatic polypeptide. Note the rim of pancreatic polypeptide-containing cells 
(x 220). (H) Lucite-sheet reconstruction of the ventral islet showing large numbers of pancreatic 
polypeptide-containing cells. 
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the two different types of islets have 
been shown to be irrigated by different 
arterial systems (coeliac artery for the 
dorsal region; superior mesenteric artery 
for the ventral region) (10). The difference 
between the endocrine cell populations 
of the islets of the inferior region of the 
pancreatic head and those of the remain- 
der of the pancreas can be explained 
from a developmental perspective. In 
mammals, the adult pancreas is formed 
by the fusion of two primordia, the dor- 
sal and ventral pancreatic buds. The 
buds themselves are evaginations of the 
primitive gut; in the rat, the dorsal pri- 
mordium appears at the 20-somite stage 
(11 days), whereas the ventral primor- 
dium develops a little later at the 28- to 
30-somite stage (111/2 days) (11). Ac- 
cording to a review of pancreatic devel- 
opment (12), "the two growing pancreat- 
ic glands merge at about day 16-17 and 
are thereafter indistinguishable. In the 
fully developed organ each pancreas 
keeps its own duct. ... In addition, in 
the rat, many accessory pancreatic ducts 
empty directly into the biliary 
duct ...." 

By cannulating independently the two 
main ducts of the rat pancreas, we filled 
with India ink two well-defined pancreat- 
ic regions, each containing islets of 
Langerhans with a different endocrine 
cell composition. From a developmental 
perspective, the pancreatic polypeptide- 
rich, glucagon-poor islet would be char- 
acteristic of the ventral pancreatic pri- 
mordium, while the glucagon-rich, pan- 
creatic polypeptide-poor islet would be 
characteristic of the dorsal primordium. 
The reason for this difference is not un- 
derstood; its existence, however, con- 
tradicts previous views that the islets 
have a similar cell composition through- 
out the pancreas. 
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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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Sex Discrimination in Gerris remigis: Role of a 
Surface Wave Signal 

Abstract. Even when blinded with masks, adult male water striders (Gerris re- 
migis) accurately ascertain the sex of other adult water striders in the laboratory. 
Freely moving females that were artificially made to play back computer-generated 
male surface wave and body-contact signals of about 90 waves per second were 
treated as males by the masked males and as females when no such playbacks were 
made. Thus, the males can use presence or absence of the male signal as the sole 
means for sex discrimination. 
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