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utero (1, 2), there is no clear-cut con- 
sensus on the primary sex ratio. In fact, 
estimates of the primary sex ratio 
(males:females) range from 110:100 to 
170:100. The variability in these esti- 
mates derives in part from the different 
data under consideration (3) and in part 
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from the subjective judgments that result 
from each reseacher's examination of 
the data on hand. Despite the dis- 
crepancies among these studies, one 
overriding similarity emerges in the pat- 
tern of the sex ratio of fetal deaths by 
month of gestation; the sex ratio of fetal 
deaths is reported to be highest between 
months 3 and 5, lower between months 6 
and 7 or 8, and increases at term (4). 

Cavalli-Sforza and Bodmer (2) have 
contended that vital statistics provide 
the best data source for analyzing sex- 
differential mortality in utero, as vital 
statistics encompass enough cases to as- 
sure the significance of the relatively 
small differences in sex ratio. Thus, I 
used annual data for the sex ratio of fetal 
deaths by month of gestation for the 
United States from 1922 to 1936 and 
from 1950 to 1972 (5) in conjunction with 
data on early infant mortality (6). 

The sex ratios were calculated as the 
ratio of males to females; after a prelimi- 
nary graphic analysis of the general 
trend, least-squares and polynomial re- 
gression techniques were used to fit sec- 
ond-degree equations to the fetal death 
data. This analysis was performed on the 
arithmetic means of the sex ratio of fetal 
deaths by months (7) (Fig. 1). 

Analysis of fetal death data for 1922 to 
1936 reveals a nonlinear pattern that re- 
flects the patterns reported in earlier 
studies (3). This pattern can be described 
by the second-order equation (8). 

SR 7.5637 - 1.7470M + 0.1155M2 + e 
(0.3370) (0.0256) 

R2 = .8965 

where SR = sex ratio of fetal deaths, 
M = month of gestation, and e = the 
least-squares residual; the values in pa- 
rentheses are the standard errors. 

The 1950 to 1972 fetal death data are 
limited to data from months 5 to 10; 
these data can be described by the sec- 
ond-order equation (9). 

SR = 2.1958 - 0.2295M + 0.01 19M2 + e 
(0.1176) (0.0076) 

R = .9116 

The nonlinear pattern of the 1950 to 
1972 data differs from the pattern of the 
earlier data. The difference may be at- 
tributed to several factors. (i) The pat- 
tern observed from months 5 to 7 in the 
1922 to 1936 data is present at a lower 
level in the 1950 to 1972 data. (ii) Avail- 
able data from spontaneous and induced 
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Table 1. Male stillbirth mortality loss proportions. 

y, = 0.5652 (130: 100) y, = 0.5455 (120: 100) 

f = 0.2 f = 0.3 f = 0.4 f= 0.5 f= 0.2 f= 0.3 f= 0.4 f = 0.5 

1950 (Y2 = 0.5131) 
m 0.3515 0.4325 0.5136 0.5947 0.2976 0.3854 0.4732 0.5610 
m -f 0.1515 0.1325 0.1136 0.0947 0.0976 0.0854 0.0732 0.0610 

1964 (Y2 = 0.5115) 
m 0.3556 0.4361 0.5167 0.5972 0.3021 0.3893 0.4766 0.5638 
m -f 0.1556 0.1361 0.1167 0.0972 0.1021 0.0893 0.0766 0.0638 

deaths between months 8 and term. The 
data from 1950 to 1972 indicate that the 
sex ratio of fetal deaths for month 8 to 
term remains approximately the same as 
that of months 6 and 7, whereas data 
from 1922 to 1936 reflect an increase in 
the sex ratio of fetal deaths from month 7 
to term. Teitelbaum (1 ) observed a simi- 
lar change in his analysis of perinatal 
mortality data from five Western Euro- 
pean countries, from 1901 to 1963 (12). 
He concluded that decreases in the sex 
ratio of late fetal deaths (deaths occur- 
ring from month 7 on) are associated 
with increases in the sex ratio of early 
infant deaths (deaths occurring within 7 
days of birth). Data from the United 
States are less clear. In fact, the sex ratio 
of late fetal deaths declines over time, 
whereas the sex ratio of early infant 
deaths shows no clear trend. Close ex- 
amination of these data reveals that the 
sex ratio of perinatal deaths declined 
from 136:100 in 1922 to 127:100 in 1972. 
Although the sex ratio of early infant 
deaths does not increase over time, the 
decline in the sex ratio of late fetal 
deaths, from 134:100 in 1922 to 109:100 
in 1972, results in an increase in the ab- 
solute difference between the sex ratio of 
late fetal deaths and the sex ratio of early 
infant deaths (2 in 1922 versus 31 in 
1972). Thus, there is a trend toward an 
increasing excess in the sex ratio of the 
early infant deaths relative to the sex ra- 
tio of the late fetal deaths; Teitelbaum's 
argument that there is a postponement of 
late fetal deaths into the early infant peri- 
od is supported. 

Cavalli-Sforza and Bodmer (2) pre- 
sented a model that allows us to consider 
the implications of these mortality dif- 
ferentials relative to the primary sex ra- 
tio. This model provides for the compu- 
tation of the amount of sex-differential 
mortality in utero necessary to go from a 
primary sex proportion to a given sec- 
ondary sex proportion (13). More specif- 
ically, the product of the proportion of 
males surviving to term (1 - m) and the 
proportion of males at conception (y1) 
yields a survival index for males; similar- 

90 

ly, the product of the proportion of fe- 
males surviving to term (1 - f) and the 
proportion of females at conception (xl) 
yields a survival index for females. The 
survival index for males is divided by the 
sum of these two indices to produce an 
empirical estimate of the proportion of 
males at birth (Y2): 

(1 - m)y1 
y2 (1 - m)y1 + (1 -f)x1 

Thus, if we know the male secondary 
sex proportion (Y2), and if we can make 
certain assumptions about the propor- 
tional female zygote loss (f) we can de- 
duce the associated levels of male zygote 
loss (m). From this we can deduce the 
excess male loss (m - f) that would re- 
sult from specific male primary sex pro- 
portions (14). We compare these calcu- 
lations with the observed values of 
(m - f) to decide on a minimum esti- 
mate of the male primary sex proportion. 

The 1950 to 1972 data indicate that the 
observed male proportions of live births 
ranged from 0.5115 in 1964 (low) to 
0.5131 in 1950 (high) (15). The female zy- 
gote mortality proportions of 0.2, 0.3, 
0.4, and 0.5 are based on reported esti- 
mates of fetal loss (16). These two sets of 

3.8 
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30 

2.6 

2.2 

1.8- 

1.4 

1.0, 

'0 3.0 5.0 7.0 9.0 

Month of gestation 

Fig. 1. Mean sex ratio of fetal deaths by 
month of gestation. 0, 1922 to 1936. O, 1950 
to 1972. 

values are used in conjunction with pri- 
mary sex ratio estimates of 130 
(yi = 0.5652) and 120 (y, = 0.5455) to 
produce the range of possible values of 
male fetal mortality proportions (Table 
1). By way of example, in 1964 the male 
secondary sex proportion (Y2) was 
0.5115. If for that year, we assume that 
40 percent of the female zygotes did not 
survive (f= 0.4), under an assumption 
of a primary sex ratio of 120 (yi= 
0.5445), 47.66 percent of the male zy- 
gotes did not survive (m - 0.4766). The 
difference between the mortality propor- 
tions (m - f) reflects the proportion of 
male fetal mortality in excess of female 
fetal mortality required to meet each set 
of assumptions. This value is 0.0766 or 
7.66 percent excess of male fetal mortali- 
ty relative to female mortality for the as- 
sumptions in our example. 

The data in this analysis support the 
existence of a primary sex ratio of at 
least 120: 100. More specifically, we ex- 
pect excesses of male fetal mortality 
over female fetal mortality on the order 
of 6 to 10 percent; 1950 (m -f) = 
0.0610 to 0.0976 and 1964 (m - f) = 

0.0638 to 0.1021. Although we do not 
have specific observed values of the pro- 
portion loss of male and female zygotes, 
we can compute the excess of male loss 
relative to female loss. The observed 
proportions of male fetal deaths by 
month of gestation are on the order of 
0.52 to 0.59, with the corresponding fe- 
male proportions ranging from 0.48 to 
0.41. Thus, the observed excesses of 4 to 
18 percent support the 6 to 10 percent es- 
timates of excess male fetal mortality 
predicted by this analysis. 

This analysis uses data for mortality 
sex differentials in utero, the observed 
proportion of males at birth, and esti- 
mates of zygote loss, to produce empiri- 
cal estimates of the primary sex ratio. 
The resulting estimate of the primary sex 
ratio differs from earlier estimates in- 
sofar as it is based on an empirical analy- 
sis of observed data. The data for the sex 
ratio of fetal deaths indicate a dispropor- 
tionately high level of male mortality in 
utero; the pattern of this mortality dif- 
ferential is systematic and tends to be 
relatively constant over the 38 years of 
available data. A primary sex ratio of at 
least 120:100 is possible. This is a con- 
servative estimate with confirmation of a 
primary sex ratio greater than 120:100 
contingent upon more complete knowl- 
edge of the sex ratios of stillbirths in the 
first two trimesters of gestation. 
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fications, a subset of fetal deaths for which the 
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The existence of true tight junctions or 
zonulae occludentes in a number of tis- 
sues of vertebrates has been well estab- 
lished (1), and they have been shown to 
provide the structural basis for a variety 
of physiologically important permeabili- 
ty barriers (2, 3). Moreover, it has been 
considered that tight junctions are a diag- 
nostic feature of chordates, since the in- 
vertebrate groups originally appeared 
not to possess them (4). Recently it has 
become apparent that tight junctions, 
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The data are based on fetal deaths by sex and 
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months and more, and infant deaths by sex for 
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U.S. Department of Health, Education, and 
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A, Mortality (Government Printing Office, 
Washington, D.C., annual)]. The data include 
fetal deaths by sex and period of gestation for 
months 5 through 10 and more and infant deaths 
by sex for the first 6 days of life, under 1 month, 
1 month, 2 months, and 3 months. 

7. Examination of these data by year revealed little 
annual variability within the years 1922 to 1926 
and within the years 1950 to 1972. Thus, for the 
sake of simplicity the monthly means of each of 
these groups of years were used in this analysis; 
this procedure should also yield more robust 
equations. 

8. The linear equation for these data yields a poor- 
er fit, R2 = .4760. 

9. The linear equation for these data yields a poor- 
er fit, R2 = .8017. 
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12. Perinatal mortality comprises deaths occurring 

from month 7 of gestation through the first 7 
days of life. 

13. The sex ratio is defined as the ratio of males to 
females, whereas the sex proportion reflects the 
proportion of all individuals who are males. 

14. The calculation formula for m is: 

y2(1 - xIf) - y, m = ; x, = 1 - y 
YIY2 - y, 

15. These data are used because the registration 
system was more complete in the period from 
1950 to 1972 than it was for the earlier data (1922 
to 1936). 
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recognizable both in thin sections and by 
their freeze-fracturing characteristics, do 
exist in invertebrates, at least in insects 
(5, 6), where they form the morphologi- 
cal basis of the blood-brain barrier, ob- 
served to be present in the central ner- 
vous system (CNS) of insects by elec- 
trophysiological criteria (7) and by the 
exclusion of exogenous tracers (5, 6). 

Discovery of tight junctions in an ar- 
thropod tissue other than the nervous 
system would further strengthen the con- 
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tention that these junctions not only ex- 
ist in invertebrates but may play impor- 
tant physiological roles. Evidence is pre- 
sented here for the existence of such 
junctions in the insect rectum. 

The fluid-transporting epithelium com- 
posing the rectum of insects is primarily 
concerned with reabsorption of water 
and ions, the feces being concentrated 
and water loss prevented. Since insects 
have a small body weight relative to their 
surface area, this is an important consid- 
eration in survival. 

The mode of action of the rectal cells 
in dictyopteran insects such as the cock- 
roach has been thought to involve uptake 
of water by absorption of ions over the 
luminal plasma membrane; the ions are 
then pumped over the lateral cell mem- 
brane into the intercellular spaces. The 
high concentration of ions there pro- 
duces an osmotic inflow of water, which 
then makes its way to the hemolymph 
via the intercellular spaces around the 
tracheae, ion reabsorption occurring en 
route (8, 9). The exit route via the si- 
nuses around the tracheae may be some- 
what modified by the possible presence 
of basal cells (10), but this does not affect 
the model system as described or the in- 
terpretation of our results. This report 
describes new observations made after 
freeze-fracturing the rectum of Peri- 
planeta americana and incubating it, be- 
fore fixation, in physiological saline con- 
taining the exogenous tracer lanthanum. 
The results show that true tight junctions 
exist in this system; earlier, without en 
bloc staining, gap junctions were incor- 
rectly described as "tight" (8). 

In previous investigations the ultra- 
structure of the rectum in the cockroach 
has been studied in detail in thin sections 
(8, 10), but not by freeze-fracture or for 
tracer uptake. The tissue consists of a lu- 
minal cuticle under which lie columnar 
epithelial cells, the lateral borders of 
which are associated at the luminal sur- 
face by septate junctions and desmo- 
somes. These lateral borders are thrown 
into complex interdigitations there and 
also deeper into the tissue, where scalar- 
iform junctions occur lying in intimate 
association with mitochondria; this is 
thought to be the site of the ion transport 
from the cytoplasm to the intercellular 
spaces or sinuses (8). Toward the base of 
the cells, close to the basement mem- 
brane, and by the muscles and circulat- 
ing hemolymph, septate junctions again 
occur. But here our investigations reveal 
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the presence not only of gap junctions 
but also of tight junctions, seen in thin 
sections as punctate membrane apposi- 
tions below the sinuses and near, or in 

0036-8075/79/0406-0091$00.50/0 Copyright ? 1979 AAAS 0036-8075/79/0406-0091$00.50/0 Copyright ? 1979 AAAS 

Tight Junctions in a Fluid-Transporting Epithelium of an Insect 

Abstract. Occluding junctions have been found between the lateral cell borders at 
the base of the rectum of Periplaneta americana. They appear as punctate membrane 
appositions in thin sections, and after incubation in physiological solutions contain- 
ing lanthanum before fixation the inward penetration of tracer is impeded in this 
same basal area. Moreover, freeze-fracture studies of this region reveal simple linear 
ridges on fracture face P and grooves on fracture face E, which are similar to the less 
complex vertebrate tight junctions. The luminal clefts, which permit free inward dif- 
fusion of tracers, present no tight junctions, but do have septate junctions. These 
results support the contention that, contrary to earlier speculation, arthropods do 
possess tight junctions; these, rather than septate junctions, appear to form the mor- 
phological basis of at least some of the permeability barriers observed in in- 
vertebrates. 
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