
keeping a meticulous record of stratifi- 
cation, modern archeology has means by 
which to tell the date of plant material, 
and by specialization the botanist will, 
in the long run, learn to identify the bat- 
tered remains of the plants. Thus, by 
joining hands, the two sciences establish 
a third, paleoethnobotany, which endeav- 
ors to help delineate man's victories and 
defeats in his battle against nature for 
survival and multiplication, and to un- 
ravel the complicated history of the 
plants upon which even modern civiliza- 
tion is ultimately dependent. 
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archeologically, the conclusion is inevitable 
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In vertebrates hermaphrodism may 
occur as an exceptional condition. How- 
ever, as a rule the production of eggs 
and sperm is separately managed by fe- 
male and male individuals. In most spe- 
cies the basic sex ratio-that is, the pro- 
portion of males and females unaffected 
by differential mortality or selection-is 
close to equality. It has been shown that 

372 

In vertebrates hermaphrodism may 
occur as an exceptional condition. How- 
ever, as a rule the production of eggs 
and sperm is separately managed by fe- 
male and male individuals. In most spe- 
cies the basic sex ratio-that is, the pro- 
portion of males and females unaffected 
by differential mortality or selection-is 
close to equality. It has been shown that 

372 

this balance is maintained by a self-per- 
petuating genetic mechanism. One of 
the sexes produces two types of germ 
cells-female-determining and male- 
determining ones; this is the digametic 
sex. The two types of gametes are pro- 
duced in equal numbers because they re- 
sult from a difference in genic content 
between partners of a single pair of 
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chromosomes, the sex chromosomes or 
heterochromosomes. Geneticists desig- 
nate the condition of somatic cells and 
of primary gonia that have uneven pairs 
of chromosomes or genes (hereditary 
factors) as heterozygoty. Hence, the 
digametic sex is also heterozygous. It 
produces two types of gametes in equal 
numbers, because the unequal chromo- 
some pairs become mechanically segre- 
gated during a maturation division, each 
gamete receiving one or the other of the 
partners. The other sex produces only 
one type of gamete. It is unigametic, 
because the sex-chromosome pair of its 
gonia consists of even partners, which 
are the equal of one only of the hetero- 
chromosomes of the digametic sex. 

To understand this article it is im- 
portant to realize that this genetic and 
chromosomal mechanism of sex deter- 
mination occurs in two patterns, depend- 
ing on which sex is the heterozygous 
and digametic one. If, as in man (or the 
opossum) this is the male, then one 
designates the partners of the hetero- 
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chromosomal pair as X and Y, and it is 
understood that X stands for the chro- 
mosome type which appears as an even 
pair (XX) in the female. Hence, the 
total formula of this pattern is written 
as XX-XY, symbols for all the other 
chromosomes (autosomes) being omit- 
ted. On the other hand, in all species 
that have digametic females and uni- 
gametic males, the pattern formula is 
ZW-ZZ, the female being heterozygous 
(ZW) and the male homozygous (ZZ). 

Genes and Chromosomes 

The peculiar distribution, among ver- 
tebrates, of the genotypes XX-XY and 
ZW-ZZ raises the question whether 
initially mere chance or specific physio- 
logic conditions decide the alternative 
of evolution toward male or female di- 
gamety. Some fishes (for example 
Xiphophorus) apparently have not yet 
established a genetic sex-determining 
mechanism (1). Inasmuch as micro- 
scopically identifiable sex chromosomes 
are unknown in the entire superclass, the 
Pisces represent, altogether, a primitive 
and ancient condition. Nevertheless, the 
existence of competent sex chromosomes 
is revealed by the sex-linked inheritance 
of color marks and of other somatic 
characteristics in several species. The 
Japanese rice fish Ozyzias latipes, bred 
after sex reversal, furnishes direct evi- 
dence of male heterozygoty in a sex- 
determining factor (2). It is significant 
that in some river systems of Mexico 
and Honduras, Platypoecilus maculatus 
is XX-XY type and in other river sys- 
tems, of ZW-ZZ type. Apparently each 
pattern was acquired after the rivers 
had gained separate outlets to the sea, 
an estimated 300,000 years ago (3). 

Genetic differentiation is also rather 
primitive in the Amphibia. Morphologi- 
cally identifiable sex chromosomes are 
reported only for males of true frogs (4.) 
and tree frogs (5). They are not dis- 
tinctly dimorphic but show character- 
istic peculiarities of incomplete conju- 
gation not observed in spermatocytes of 
sex-reversed females. Breeding experi- 
ments confirm that frog males are of 
-XY type. The other anurans (toads) 
and all the urodeles that were geneti- 
cally tested follow the ZW-ZZ pattern 
of sex inheritance; sex chromosomes are 
not morphologically recognizable. 

All genetically and cytologically ana- 
lyzed mammals have proved to be of the 
XX-XY type. Visibly differentiated X 
and Y chromosomes have been reported 
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Table 1. Categories of genetic and physiologic types of sex determination in vertebrates. 

Physiologic reaction patterns 
Species or 
taxonomic Genetic 1. Hormonal 2. Inductive e 4. Reaction of pattern entiation of group sex sex secondary sex oviducts to 

reversal* reversal* characters testosterone 

Oryzias 
(teleost) XX-XY F--M; M->F 

Rana XX-XY F->M; m->f F->M Neg. 
Xenopus ZW-ZZ M->F F--M Pos. 
Bufo ZW-ZZ m-->f M-F 
Pleurodeles ZW-ZZ M->F 
Ambystoma ZW-ZZ M->F F->M; m-->f Ambisexual Pos. 
Reptiles ZW-ZZ m-f F->M Ambisexual Pos. 
Birds ZW-ZZ m->f F'--M Ambisexual 

and male Pos. 
Opossum XX-XY m->f Pos. 
Eutheria, 
Homo XX-XY f->m F ->M Female Neg. 

* M->F, complete reversal of genetic male into female; F->M, complete reversal of genetic female into 
male; m->f and f->m, incomplete reversals. 

for males of about 240 species. Con- 
versely, reptiles (nine species) and birds 
(37 species) are uniformly of the ZW- 
ZZ type (6). It is usually assumed that 
in the course of evolution the W chro- 
mosomes have disappeared, so that 
sauropsid females actually would be of 
ZO constitution, but so far, the absence 
of the W chromosome has been demon- 
strated unequivocally only for the do- 
mestic chicken (7). The chromosomal 
and genetic uniformity in higher verte- 
brate classes indicates that all sauropsids 
are descended from a small stock of 
ancestors that had already assumed the 
ZW-ZZ type, and all mammals, from a 
corresponding group that had acquired 
the XX-XY type. Since fossils do not 
reveal anything about chromosomes and 
genetic mechanisms of sex determina- 
tion, the state of evolution attained 250 
million years ago by Devonian lung- 
fishes, ancestors of all tetrapods, remains 
conjectural. Nevertheless, the universal- 
ity of the -ZW type among sauropsids 
suggests that it originated very early, 
probably in amphibian or even piscine 
ancestors. The possibility presents itself 
that, genealogically, salamanders (ZW) 
thus may be rooted close to the sau- 
ropsids, and frogs (XY), near the mam- 
malian evolutionary lines. This possi- 
bility is discussed below. 

Physiologic Patterns 

Not so sharply defined and less gen- 
erally known are the physiologic types 
of sex determination in vertebrates. The 
balance of genic sex factors directs the 
embryonic differentiation of gonads and 

secondary sex characters by chain reac- 
tions, which, however, may be modified 
or entirely switched about by the inter- 
ference of physiologic, chemical, and 
physical factors. It is possible to arrange 
some of them in four categories (Table 
1). Remarkably often they parallel the 
genetic sex types (8). 

1) Exposure of embryos to steroid sex 
hormones during, and sometimes also 
after, primary sex differentiation may 
lead to partial or complete gonadal sex 
reversal. In the genetic XX-XY type, 
particularly in frogs and Eutheria, mas- 
culinization of genetic females is often 
successful, while in the ZW-ZZ type, 
feminization of genetic males is the 
usual reaction. Feminization of Pleuro- 
deles and Xenopus after estradiol treat- 
ment is so complete that functional fe- 
males of male genotype can be produced 
at will and bred with nonreversed males. 
Two notable exceptions to the rule that 
steroid hormones reverse preferably the 
homozygous sex are presented by the 
opossum and the small teleost Oryzias. 
Both belong to the -XY type. In the 
opossum, Burns (9) obtained consider- 
able cortical development in estrogen- 
treated males, and in Oryzias, Yama- 
moto induced complete transformation 
in both directions, using either estrogens 
or androgens (2). The case of Oryzias, 
though very interesting, is not discussed 
here because the embryologic process of 
gonadal differentiation in Oryzias is very 
different from that in higher vertebrates. 

2) Inductive sex reversal has been ob- 
tained by natural or experimental para- 
biosis, and by teratologic or surgical re- 
duction of the genetically epistatic gon- 
adal element (medulla in the case of 
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Fig. 1. Spermatogonial metaphase; X and Y chromosomes in the center. Fig. 2. Meta- 
phase of dividing somatic cell of a female animal; two X chromosomes in lower central 
region. Fig. 3. Ovogonial metaphase with two X chromosomes in center. All figures show 
the total number of 22 chromosomes, characteristic for the opossum; Figs. 1 and 2 are 
from squash preparations; Fig. 3 is from a section of the ovary. [All x 1500.] 

Bufo, cortex in the female bird). Some 
completely sex-reversed frogs, toads, 
hens, and human individuals (pseudo- 
males, typically exhibiting the Kline- 
felter syndrome) produce mature germ 
cells-eggs or sperms-of the assumed 
sex. It will be noted that in ZW- types, 
the direction of this transformation 
usually is the reverse of that produced 
by hormone treatments. 

3) Secondary sex characters arise 
from primordia that are identical in 
both sexes and in early castrates. The 
later development of a male or a female 
organization ordinarily corresponds to 
the presence of testes or of ovaries, re- 
spectively. However, in mammals the 
female type of gonaducts and external 
genitalia is also assumed in the absence 
of gonads, by self-differentiation, regard- 
less of chromosomal constitution (10). 
In castrated amphibians (those most 
thoroughly investigated were newts), a 
neutral, ambisexual condition of the 
gonaducts is maintained (11), and in 
agonadic ducks, the phallic organ and 
the syrinx spontaneously acquire the 
male type during the later part of the 
incubation period. The gonaducts of all 
early castrates in birds and reptiles main- 
tain an ambisexual condition, with per- 
sistence of paired oviducts and meso- 
nephric ducts (12). In summary, if self- 
differentiation of secondary sex charac- 
ters continues into the phase of sexual 
dimorphism, it follows the pattern of 
the homozygous genetic type. 

4) Oviducts, in response to treatment 
with testosterone, become greatly en- 
larged in Xenopus, salamanders, rep- 
tiles, and birds, while in frogs (13) and 
Eutheria their growth is only slightly 
stimulated or is reversed. The refractori- 
ness common to frogs and Eutheria, 
supports other evidence which suggests 
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relatedness of these taxonomically dis- 
tant groups. Exceptional among mam- 
mals is the opossum, whose oviducts 
show a strong positive reaction to testos- 
terone treatments (14), resembling the 
response in reptiles (15). 

The Case of the Opossum 

Since there are striking similarities in 
hormonal reactions between the opos- 
sum and the sauropsids, it seemed de- 
sirable, in order to assert the reliability 
of the evidence in support of male het- 
erozygoty for these vertebrates, to rein- 
vestigate the chromosomal condition by 
modern methods. The study made with 
the assistance of K. Mikamo confirms 
the occurrence of a small XY pair of 
chromosomes in the male (16). In sper- 
matogonial divisions, it is usually lo- 
cated in the center of the metaphase 
plate (Fig. 1). The same position is 
held by the XX pair in ovogonial and 
in female somatic mitoses (Figs. 2 
and 3). 

Discussion and Conclusions 

Although it is quite singular and has 
still not been completely investigated, 
the case of the opossum proves that 
physiologic reaction patterns do not is- 
sue from, and are not determined by, 
the genie sex type. The existing corre- 
lations are more readily explained on a 
genealogic basis, according to which the 
peculiar reaction of the opossum ap- 
pears to be an old inheritance from a 
premammalian epoch, when genic sex 
patterns had not yet evolved. The fur- 
ther inference that the XX-XY pattern 
originated after the Cretaceous mam- 

mals separated from primitive reptiles, 
but before they branched into marsu- 
pials and insectivores, is plausible even 
though not strictly compelling. (In sepa- 
rate groups the same genetic type may 
become initiated merely by chance.) In 
addition to the American opossum, 
about 30 Australian marsupials are 
known to have heterochromosomes in 
the male sex. In view of the early sepa- 
ration of the two faunas, this finding 
adds new support to the contention that 
the XX-XY pattern was already estab- 
lished at the inception of mammalian 
evolution. 

The genetic and physiologic similarity 
of ranid amphibians and Eutheria poses 
a difficult problem. In some frogs the 
difference between the sex-determining 
values of the X and Y chromosomes is 
very small. This condition establishes a 
formal proximity to the origin of male 
digamety (17); however, it does not 
necessarily imply that genetic sex deter- 
mination in such species is of recent 
date. For some obscure reason, in fishes 
and amphibians the sex genes have 
changed more slowly than in sauropsids 
and mammals. The same circumstances 
that kept the lower vertebrates morpho- 
logically at a Paleozoic level apparently 
have also retarded their sexual evolu- 
tion. In some taxonomic groups pro- 
tracted periods of arrest must have oc- 
curred. Evidence of slow changes in the 
Y chromosomes of frogs during the post- 
glacial epoch (18) favors the view that 
mutational frequency and evolution de- 
pend on particular environmental influ- 
ences. 

For obvious reasons it is difficult to 
reconstruct the history of the types of 
physiologic reaction. The sauropsid and 
salamander type, characterizing also the 
lower mammals (opossum) and anurans 
(toads), with its low grade of specificity 
in hormonal reactions, seems to be the 
more primitive and hence the more 
ancient of the two. The eutherian and 
frog type, with its more discriminating 
reactions and restricted taxonomic dis- 
tribution, probably evolved more re- 
cently. 

In conclusion, the fact that the paral- 
lelism between genetic and physiologic 
patterns of sex determination is not 
without notable exceptions serves to 
disprove the supposition that causal 
relationships exist between genetic di- 
gamety and hormonal reaction types 
(19). On the other hand, the distribu- 
tion of all patterns can be understood 
on the basis of genealogic relationships. 
The finding of an exceptional, mixed 
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type in the opossum supports the as- 
sumption that the XX-XY type origi- 
nated before the separation of marsu- 
pials and insectivores and before the 
evolution of the eutherian reaction pat- 
tern. The separation of the anuran am- 
phibians into -XY frogs and ZW- toads 
makes it clear that here the genetic 
mechanisms of sex differentiation evolved 
after the anurans (Salientia) had made 
their appearance (Jurassic period) but 
before separation into the families of 
today. When the available evidence is 
pieced together, it appears that genic 
sex determination in tetrapod vertebrates 
originated during the Jurassic period, an 
estimated 150 million years ago. Since 
evolution proceeded more slowly in some 
groups than in others, continued studies 
in comparative cytogenetics can be ex- 
pected to furnish a complete recapitu- 
lation of the successive steps in the 
evolution of sex-determining genes and 
of sex chromosomes (20). 
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Summary Summary 

Certain characteristic patterns of 
physiologic sex determination are not 
causally linked with types of genic and 
chromosomal constitution (XX-XY or 

ZW-ZZ). The observed widespread but 
not universal parallelism in the distri- 
bution of genetic and physiologic pat- 
terns among vertebrate groups expresses 
genealogic relationship. On the basis of 
this interpretation one may estimate the 
approximate evolutionary age of the 
mechanism of genetic sex determina- 
tion. It is concluded that in all tetrapod 
vertebrates these mechanisms originated 
during the Jurassic period. Environ- 
mental conditions seem to affect the 
progress of this evolution. 
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News of Science News of Science 

International Oceanographic 
Congress To Meet at 
United Nations Headquarters 

The world's leading oceanographers, 
perhaps 600 strong, will meet in New 
York at the end of August for their first 
international congress. The scientists, 
representing more than 35 countries, will 
participate in a broad study of the 
oceans-of their histories, their inhabi- 
tants, their boundaries and basins, and 
their deep areas. The congress, which will 
be the first large scientific meeting ever 
held in the United Nations headquar- 
ters, will be in session from 31 August 
to 12 September. Seven oceanographic 
vessels, including the Soviet Union's 
new Mikhail Lomonosov, are expected 
to be on display at New York piers dur- 
ing the 13-day congress. 

Three scientific organizations-the 
AAAS, UNESCO's International Ad- 
visory Committee on Marine Sciences, 
and the Special Committee, on Oceanic 
Research of the International Council of 
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Scientific Unions-are sponsoring the 
meeting. Financial support is being pro- 
vided by 21 governmental and private 
agencies. 

A number of factors lie behind the 
decision to hold the oceanographic con- 
gress. The primary one was the success 
of the AAAS's 1955 Arid Lands Confer- 
ence, held at Albuquerque, N.M. This 
meeting, which was attended by 525 
people, showed the value of interna- 
tional gatherings of experts from scien- 
tific fields in which, because of the 
interdisciplinary nature of the field, con- 
gresses are seldom or never held. Reports 
indicated that conservation groups 
throughout the world found new sup- 
port for their programs as a result of 
the arid lands meeting. Because no such 
congress had been held in oceanography, 
the officers of the AAAS and the other 
sponsoring organizations planned the 
forthcoming meetings. 

There have been a number of recent 
indications of a growth of interest in 
oceanography. One was the publication 
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forthcoming meetings. 

There have been a number of recent 
indications of a growth of interest in 
oceanography. One was the publication 

early this year of a 12-part report by the 
committee on oceanography of the Na- 
tional Academy of Sciences-National 
Research Council. This report, which 

represented the work of the committee 
since its establishment in 1957, assessed 
the current state of oceanography in 
America and outlined a program for the 
future. The picture presented was not 
encouraging; less is known, the commit- 
tee reported, about the ocean floor than 
is known about the near side of the 
moon. 

Hearings in the U.S. Congress were 
held to study the 10-year program called 
for in the report. This resulted in an in- 
crease in interest on the part of the sci- 
entific community and the public. Re- 

cently Time devoted its cover story and 
six pages of photographs to oceanogra- 
phy and to Columbus Iselin, director of 
the Woods Hole Oceanographic Insti- 
tution. 

Papers and Events 

During the morning sessions of the 
conference, some 30 papers will be of- 
fered by leading oceanographers. Papers 
to be read on the opening day are 
"Shape and structure of ocean basins," 
by Maurice Ewing of the Lamont Geo- 

logical Observatory; "Forces and proc- 
esses at work in ocean basins," by Sir 
Edward Bullard of Cambridge Univer- 
sity; and "Stratigraphy of the deep sea," 

by Edwin Hamilton of the U.S. Navy 
Electronics Laboratory, San Diego, Calif. 
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