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HE intersexuality described in the genus Drosophila may be divided T into two main types. One is that produced by a principal mutant gene 
and one or more modifiers acting on diploid individuals and changing 
them into intersexes. The other type of intersexuality is produced by a 
change in the balance between the X chromosome and autosomes, the 
ratio falling between that of the normal male, ;X/2A, and that of the 
normal female, 2X/2A. 

Included in the first group is the autosomal recessive mutant “intersex” 
in Drosophila simulans (STURTEVANT 1920, 1921) ; females carrying this 
mutant become intersexual while males become sterile but remain pheno- 
typically normal. An apparently dominant autosomal mutation in D. 
pseudoobscura turns females into intersexes (DOBZHANSKY and SPASSKY 
1942). In Drosophila virilis two autosomal mutants are known which pro- 
duce intersexuality: one of these is a recessive (LEBEDEFF 1939), the other 
a dominant (NEWBY 1941). It is of interest to note that all the above inter- 
sex mutants change the females into intersexes but do not affect the sex 
phenotype of the male. 

In  the second group the classical case is that of D.  melanogaster (BRIDGES 
1921; DOBZHANSKY and BRIDGES 1928; DOBZHANSKY 193oa, b). BRIDGES 
found that the intersexes were the offspring of triploid females and con- 
tained three sets of autosomes and two X chromosomes; they might or 
might not contain a Y chromosome. He concluded that the X chromosomes 
carried genes which tended toward the production of female characters, 
while the autosomes carried genes which tended toward the production 
of male characters; the relative proportions of autosomes and X chro- 
mosomes then determined the maleness or femaleness of the individuals. 
Hybrid triploid intersexes between melanogaster triploid females and 
simulans diploid males were produced by SCHULTZ and DOBZHANSKY 
(1933). These hybrid intersexes were similar to the melanogaster intersexes 
except that the testes were rudimentary. One triploid intersex has also 
been found in pseudoobscura (DOBZHANSKY and SPASSKY 1942). 

It is the purpose of this paper to report on the intersexes obtained in 
Drosophila americana Spencer as off spring of triploid females. D. americalza 
is a member of the virilis complex of Drosophila. 

This investigation was carried out during tenure of a Research Assistantship with DR. 
CURT STERN, under a grant from the ROCKEFELLER FOUNDATION to the UNIVERSITY OF 

ROCHESTER. 
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TRIPLOID INTERSEXUALITY IN DROSOPHILA 505 
Acknowledgment is made to DR. CURT STERN for his helpful suggestions, 

and to MARION LEFFLER STALKER for her help in the preparation of the 
plate. 

MATERIALS AND METHODS 

The intersex-producing strain of D. americana is derived from the so- 
called “Overton” strain, from Overton, Ohio. All flies were raised on corn- 
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PLATE I 

Metaphase chromosome configurations of different types of offspring from D. americana 
triploid females. All drawings were made with the aid of a camera lucida. 

a. oogonial metaphase of diploid female; b. spermatogonial metaphase of diploid male; c. 
oogonial metaphase of triploid female; d. tetraploid oogonial metaphase of phenotypically diploid 
female; e. triplo-VI oogonial metaphase; f. oogonial metaphase of diploid female with extra Y 
and male-limited IV; g, h, and i. gonia1 metaphases of intersexual individuals. 

meal-molasses Moldex food medium, the culture bottles being kept a t  

Gonads of adults were smeared with aceto-carmine and the smears made 
permanent by the alcohol vapor-displacement method. It was found that 
adults 24 hours old or less were most satisfactory for obtaining metaphase 
chromosome pictures. 

2goc. 

METAPHASE CHROMOSOMES OF D. AMERICANA 

A knowledge of the chromosomal configurations of americana is impor- 
tant for an understanding of the triploid intersexuality in this species. 
Figures a and b of Plate I show that while diploid females (a) have one 
pair of microchromosomes, one pair of rod-shaped chromosomes, and two 
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pairs of V-shaped chromosomes, in the diploid male (b) there are a pair of 
microchromosomes, but four rod-shaped chromosomes and three V- 
shaped chromosomes. This peculiar condition, first observed by HUGHES 
(1939), becomes intelligible if the homologies with D. virilis are considered. 
Virilis has no V-shaped chromosomes but five pairs of rod-shaped chro- 
mosomes and a pair of microchromosomes. By different methods PATTER- 
SON, STONE, and GRIFFEN (1940) and STALKER (1940) have shown that 
chromosomes I1 and I11 of virilis appear in a fused condition in americana 
males and females, thus accounting for the pair of V-shaped chromosomes 
present in both sexes. Likewise in americana chromosome I or X is fused 
with IV; the resulting V-shaped chromosome is present twice in the female 
but once in the male. Although americalza X and IV are fused, Y and I V  
are not and appear as two rod-shaped chromosomes frequently pairing 
somatically with the male V-shaped X-IV. 

The remaining metaphase chromosomes, the rod-shaped chromosome 
V and the microchromosomes, appear to be identical in virilis and ameri- 
cana. The scheme below will summarize these homologies. 

americana female americana male 
x-IV 11-111 v VI x-IV 11-111 v VI 
x-IV 11-111 v VI Y IV 11-111 v VI 

TRIPLOID FEMALES 

In March of 1941 a stock bottle of the Overton strain of americana pro- 
duced a female which was aberrant in that she had roughened eyes and 
wing cells larger than those of her normal sisters. When mated to her 
brothers she produced phenotypically normal males and females, inter- 
sexes, and some females like herself. Besides the characteristics mentioned 
above, these aberrant females were somewhat larger and stockier than 
their normal sisters. Cytological examination of their ovaries showed that 
they were triploid, having three microchromosomes, three rod-shaped 
chromosomes, and six V-shaped chromosomes (Plate I, c). Clear cytologi- 
cal preparations of 70 phenotypically triploid females were made; with 
one exception (to be mentioned below), they all showed a triploid chro- 
mosome condition. In many of the preparations, particularly the later 
ones, the major chromosomes were present in triplicate, but only two 
microchromosomes were visible. This is probably due to the fact that the 
triploid strain had become diploid for the microchromosomes, although of 
course in some cases three microchromosomes might have been present 
but, due to their small size, might not all have been seen. 

The one exceptional triploid-appearing female mentioned above showed 
several metaphase figures which were clearly tetraploid. This female had 
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TRIPLOID INTERSEXUALITY IN DROSOPHILA 507 
enlarged wing cells and roughened eyes, and since i t  is very unlikely that 
she was a mosaic of triploid and tetraploid tissues, she was probably 
tetraploid throughout. BRIDGES (1925) describes several such females in 
melanogaster, although in this species they were detected by progeny tests 
rather than cytologically. BRIDGES suggests that such tetraploid females 
might arise from a 6N cyst of a triploid female; the resulting triploid egg, 
if fertilized by an X-bearing sperm, would form the tetraploid female. 

DIPLOID MALES AND FEMALES 

Large numbers of apparently normal diploid males and females were 
observed among the offspring of triploid females. The males rarely gave 
good spermatogonial metaphase figures when the testes were smeared, 
but of six that did give clear figures, all had the diploid male configuration 
(Plate I, b). Of the diploid-appearing females oogonial metaphase figures 
were obtained in 87 individuals, and of these, 81 showed the diploid 
chromosome configuration (Plate I, a), while four were diploid for the 
macrochromosomes, but triploid for chromosome VI, or the microchro- 
mosome (Plate I, e). It is probable that many more of the 87 females were 
in reality triplo-VI, but due to the small size of the microchromosomes 
remained undetected. 

Both of the other two diploid-appearing females showed oogonial meta- 
phase configurations which were tetraploid for the macrochromosomes, al- 
though it could not be established for certain that there were four micro- 
chromosomes present (Plate I, d). Since these females did not have en- 
larged wing cells or roughened eyes like the triploid females, they were in 
all probability diploid females with patches of tetraploid tissue which 
happened to include all or part of the gonads. BRIDGES (1925) reports 
similar patches of tetraploid tissue found in diploid females of melanogaster 
and suggests that these cells would give rise to diploid gametes, which, 
if they were fertilized by normal X-bearing sperm, would produce triploid 
females. Such tetraploid patches might well account for the many re- 
currences of triploidy in this species. The occurrence of patches of tetra- 
ploid tissue is apparently very common in the testes of D. pseudoobscura 
interracial hybrid males (DOBZHANSKY 1934). 

Since in the americana male the rod-shaped Y and IV chromosomes 
regularly pair somatically with the V-shaped X-IV chromosome, if dis- 
junction were normal, the X-IV would go to one pole, and the Y and IV 
to the other. If the disjunction were not normal, some sperm should be 
formed carrying both the X-IV and the Y, and some carrying the male- 
limited IV but no Y. The X-IV Y sperm, if they fertilized haploid eggs, 
would form diploid females with four V-shaped chromosomes and three 
rods (X-IV X-IV Y 11-111 11-111 V V). By comparison with melanogaster, 
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508 HARRISON D. STALKER 

such diploid females carrying a Y chromosome would be expected to be 
phenotypically normal and viable; in fact they make up 41 percent of the 
offspring of melanogaster triploid females (BRIDGES and ANDERSON 1925). 
If a diploid egg (from a triploid female) were fertilized by a X-IV Y sperm, 
a triploid female with six V-shaped chromosomes and four rods would 
result. No females of either of these two types were found. 

If non-disjunction between the two fourth chromosomes occurred, some 
sperm would be formed which had a Y but no IV, and some with an X-IV 
and a male-limited IV. Sperm of the first type (U) fertilizing eggs with one 
set of autosomes but two X-IV chromosomes (from triploid females) 

TABLE I* 

A comparison of the chromosomul formulae of various sex-types in D. melanogaster 
and D.  americana. 

MELANOGASTER AMERICANA AMERICANA 
TYPE 

FORMULA FORMULA IV/A RATIO 

diploid 3 X Y z A  X-IV Y IV ZA I .oo 
diploid 9 ZX ZA zX-IV ZA I .oo 
diploid 9 2X Y 2A 2X-IV Y IV ZA 1.50 

triploid 9 3 x  3.4 3X-IV 3A I .oo 
superf emale 3X 2A 3X-IV zA 1.50 

supermale X Y 3 A  X-IV Y IV 3A .67 
intersex ZX 3A zX-IV 3A .67 
intersex ZX Y 3 A  zX-IV Y IV 3A I .oo 

* In t h i s  table the number of microchromosomes present is not considered. 

would produce diploid females with extra Y chromosomes-that is, fe- 
males having four V-shaped chromosomes and three rods. 

Among the I 5 I phenotypically diploid and triploid females examined 
cytologically, none was found with a chromosome configuration indicating 
the presence of either a Y or an extra fourth chromosome. Thus, although 
non-disjunction between X-IV and Y or X-IV and IV may occur, it is 
probably very rare. 

The fusion of americana X and IV and the segregation of Y and IV 
together in the male does not cause any unbalance between chromosome 
IV and the autosomes in diploid males and females, both of which have 
two sets of autosomes and two fourth chromosomes. However, in chro- 
mosomal type other than those of the diploid male and female, change in 
the X/A ratio may result in A/IV unbalance. 

The first two colums of table I show chromosomal types BRIDGES 
found among the offspring of melanogaster triploid females. The second and 
third columns compare the chromosomal formulae of the various melano- 
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TRIPLOID INTERSEXUALITY IN DROSOPHILA 509 
gaster and americana types. The last column of the table shows that 
supermales, superfemales, U-bearing diploid females, and one type of 
intersex in americana would have an unbalance between the fourth chro- 
mosomes and the autosomes. It might be expected that such unbalance 
would either result in these types being very weak or absent altogether. 
It will be shown below that this is indeed the case; some classes of the 
offspring of triploid females are entirely missing, and one class is repre- 
sented by a small number of very weak individuals. 

DIPLOID FEMALES WITH AN EXTRA IV AND Y 

Among the offspring of triploid females nine individuals were found 
which were phenotypically abnormal females. They had slightly spread, 
ventrally curved wings with slightly enlarged wing cells, and in eight out 
of the nine, the first section of the costal vein was shortened so that no 
junction was made with the first vein at  the distal costal break. The heads 
were large with rough eyes and shortened oral palpi, the thoraces were 
shortened with frequently malformed legs, and the abdomina were small 
with unusually wide seventh sternites. 

The genitalia were apparently normal with well developed ovaries. Five 
of the nine females gave clear oogonial metaphase preparations showing 
two pairs of V-shaped chromosomes, two long rods, two short rods, and a 
pair of microchromosomes (Plate I, f). This chromosome configuration 
would best be accounted for by assuming the fertilization of an egg carrying 
one set of autosomes and two X-IV chromosomes by a sperm with one set 
of autosomes, a IV and a Y. As may be seen from table I, such females 
carrying an extra IV and a Y have chromosome I V  in triplicate, but the 
other autosomes present in duplicate. If the male-limited IV is not 
“empty” like the Y chromosomes of melanogaster and virilis, this unbalance 
might be expected to cause weakness or inviability, and therefore i t  is 
not surprising that the above females were so few and so abnormal. 

INTERSEXES 

The gonads of several hundred intersexes we;e examined cytologically, 
and among these, 29 gave clear oogonial or spermatogonial metaphase 
pictures. In  all 29 individuals there were five V-shaped chromosomes, five 
rod-shaped chromosomes, and either two or three microchromosomes. 
(Plate I, g, h, i). Interpreting these intersexes according to the D. melano- 
gaster triploid scheme, where there are three sets of autosomes and two X 
chromosomes in intersexes, the five V-shaped chromosomes would be made 
up of three 11-111 chromosomes and the two X-IV chromosomes. Of the 
five rod-shaped chromosomes, there are three short ones and two longer 
ones. The three shorter ones usually show somatic pairing and are prob- 
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ably fifth chromosomes, the two longer ones are then the Y and the male- 
limited fourth chromosome, thus making up three sets of autosomes, three 
fourth chromosomes, and two X chromosomes. The assumption that the 
three short rods are fifth chromosomes and the longer ones the IV and Y 
gains support from the metaphase chromosome configurations of the diploid 
male, in which the two short rods usually show somatic pairing with each 
other, and the two long rods frequently pair with one of the V-shaped 
chromosomes. 

It will be noted that all 29 intersexes carried a Y and male-limited IV, 
and if we ignore the fact that the microchromosomes might be present in 
duplicate or triplicate, they were all of one chromosomal type. As table I 

shows, two types of intersexes are known in melanogaster, those with a Y 
and those without it. But amerkcarta intersexes lacking a Y are hypoploid 
for the fourth chromosome. Since only one type of intersex has been ob- 
served in this species, the unbalance between IV and the autosomes evi- 
dently has a deleterious effect on individuals in which it occurs. Since 
intersexes without a IV/A unbalance survive in large numbers (see table 
2 ) ,  the male-limited IV presumably repairs the IV/A unbalance and thus 
is not “empty” like the Y of melanogaster and virilis. 

TABLE 2 

Proportions of different types of offspring from matings of americana triploid 
femalesXdiploid males. 

TYPE NO. OBSERVED % 

diploid 0 0 243 25,63 

intersexes 188 19.83 
diploid 0 0 +Y and 8 I V  9 * 95 

diploid 3 3 295 31.12 
triploid 9 9 213 22.47 

Total 948 

Among the offspring of the triploid females there were found no indi- 
viduals which were clearly ’either supermales, having one X-IV and three 
sets of autosomes, or superfemales, with three X-IV chromosomes and two 
sets of autosomes. The last column of table I shows that supermales and 
superfemales would both have a IV/A unbalance. Moreover, it has been 
shown above that presence of an extra fourth chromosome (in diploid fe- 
males) and the absence of a fourth chromosome (in one type of intersexes) 
results in poor viability in one case and possibly lethality in the other. 

-DOBZHANSKY’S (1929) work on cell size in D. melartogaster shows that 
both supermales and superfemales have wing cells larger than those of 
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TRIPLOID INTERSEXUALITY IN DROSOPHILA 511 
their diploid brothers and sisters. If the same relationships hold in ameri- 
cana, then the supermales should be phenotypically distinct from their 
diploid brothers. They might be confused with the extreme male-type 
intersexes, but if present, they did not appear among the 29 intersexes 
examined cytologically, and the majority of these were of the extreme 
male type. The superfemales should have wing cells intermediate in size 
between those of the diploid and triploid females, yet none appeared among 
the I 5 I phenotypically diploid and triploid females examined cytologi- 
cally. While i t  seems theoretically improbable that supersexes would sur- 
vive, it is not proven that they do not come through in small numbers. 

To recapitulate, three sex-types-supermales, superfemales, and one 
type of intersex-are found in melanogaster but have not been found in 
americana. The absence of these three types is presumably due to the sex- 
linkage of the fourth chromosome. 

In virilis the Y chromosome apparently has no effect on the phenotype 
of the normal individuals, although it is known to carry the allele of the 
mutant sex-linked gene “bobbed.” The americana Y chromosome is known 
to carry male hybrid-fertility genes (PATTERSON, STONE, and GRIFFEN 
1940). Thus it may be said that the Y is “empty” not only with respect to 
sex-determining genes, but also as regards the large number of genes 
present in the X which have nothing to do with sex, but function in the 
ontogeny and physiology of both sexes. 

Since intersexes unbalanced for the fourth chromosome are apparently 
inviable, we cannot test the sex determining potency of the IV by its 
presence or absence in intersexes. The Y and IV of americana could be ex- 
changed for the Y and IV of virilis, in which chromosome IV is not sex- 
linked; but even if such a substitution produced a change in the americana 
intersexes, the result might be due to sex modifiers in the virilis IV which 
were different from those in the IV of americana. Such genetic modifiers of 
sex have been described in melanogaster (DOBZHANSKY 193oa) and in 
virilis (LEBEDEFP 1939). 

Evidence of the presence of genes other than sex determiners in the 
male-limited IV is much more complete. 

Salivary gland preparations of virilis-amerianca hybrids show that the 
male-limited americana IV is an apparently normal looking chromosome 
(HUGHES 1939) not largely heterochromatic like the male-limited Y-111 
compound chromosome of D. miranda (MACKNIGHT 1939). 

Crosses to virilis have shown that the americana male-limited IV carries 
the normal allele of the virilis fourth chromosome recessive “plexus,” the 
only fourth chromosome mutant available a t  the time the test was made 
(STALKER 1940). 

As pointed out above, either a hypo or hyperpoloid condition of the 
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512 HARRISON D. STALKER 

fourth chromosome leads to partial or complete inviability, but the male- 
limited I V  is able to repair this unbalance. 

From the above considerations it seems probable that the male-limited 
I V  contains alleles of many if not all of the genes present in the X-linked 
IV. Whether it has any sex-determining potency is not known a t  present. 

PRIMARY NON-DIS JUNCTION IN AMERICANA 

Primary non-disjunction of the heterochromosomes has been observed in 
a number of species of Drosophila, among them DrosophiZa virilis (WEIN- 
STEIN 1922). Although no extensive tests have been made of non-disjunc- 
tion in Drosophila americana, it may be predicted that few if any of the 
exceptional males or females would survive. Since the male-limited IV 
regularly segregates with the U, the exceptional Y-bearing females would 
be triplo-IV and very weak, as shown above, while the X-IV 0 males 
would be haplo-IV, and thus would presumably not appear a t  all. 

MORPHOLOGY OF THE INTERSEXES 

The intersexual individuals are extremely variable, ranging from nearly 
normal male-like to fairly normal looking female-like individuals. All 
intersexes have irregular and enlarged eye facets and enlarged cells making 
up the surfaces of the wings. The intersexes have been arbitrarily divided 
up into six classes, in which Class I contains the most male-like individuals, 
Class VI the most female-like, and the intermediate classes contain the 
sexually intermediate forms. These six classes do not closely correspond 
to the seven classes of melanogaster intersexes distinguished by DOBZHAN- 
SKY and BRIDGES (1928). The detailed descriptions which follow are based 
on dissections of 186 intersexual individuals. 

Class I 
The individuals in this class are in general distinguishable from diploid 

males only by their irregular eye facets and enlarged wing cells. In this as 
in the other five classes of intersexes, all individuals tend to hold their 
wings in a slightly opened position, and in about one-quarter of the cases 
one or both wings are held at  right angles to the longitudinal axis of the 
body. Approximately one-third of all intersexes have one or both of the 
anterior scutellar bristles missing. In most cases the posterior scutellars 
are more strongly convergent than in diploid and triploid individuals. 

Class I intersexes have paragonia and testes that are normal in shape 
and position but are frequently slightly smaller than those of their normal 
diploid brothers. The anus has lateral plates, and the sixth and seventh 
tergites (Although DOBZHANSKY (1931) has presented data which indicate 
that it is not tergites six and seven which are fused in Drosophila simulans 
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TRIPLOID INTERSEXUALITY I N  DROSOPHILA 513 
males, this terminology will be used here to avoid confusion.) are fused as 
in diploid males. Claspers, penis, sperm pump, and ducts are normal. Class 
I individuals behave as males and court females, but they have never 
been observed in copula. Although when mature their ducts contain ac- 
tively motile sperm, not one of the 5 7  individuals tested showed itself able 
to inseminate females. 

Class I1 
In this class about one-fifth of the individuals show feminized anal plates 

-that is, instead of two lateral plates as in normal males, one of the lateral 
plates may be split into a dorsal and a ventral half, or there may be one 
entire dorsal plate and a split ventral one. The remainder of the class are 
like normal males in this respect. 

During normal development in the male, the hypopygium, including the 
anal plates and external genitalia, undergoes a rotation or “circumver~ion’~ 
of 360” (see GLEICHAUF 1936). Since this circumversion does not occur in the 
female, it would be expected that some of the intersexes would have ex- 
ternal genitalia in a somewhat asymmetrical position, between the normal 
male and female position. This is indeed the case, and some of the indi- 
viduals of Class I1 show externalia rotated to various degrees. 

The penis is frequently somewhat thickened and shortened, and in some 
individuals only one clasper is present. The sperm pump is still normal 
but in a few cases one testis is not attached but lies in the abdomen as a 
free, oval-shaped structure. In such individuals usually only one para- 
gonium is present, being associated with the attached gonad. All Class I1 
individuals have the sixth and seventh tergites fused as in normal males. 

Class rrr 
In this class a number of female characteristics besides the feminized 

anal plates put in their appearance, sometimes in individuals which also 
contain many male genital organs. Thus one Class I11 individual had an 
ovipositor, penis, claspers, uterus, sperm pump (at the anterior end of the 
uterus) , spermathecae, ventral sperm receptacle, and two oviducts, which 
however, made no connection with the gonads. 

The gonads are usually not attached to ducts, but are free orange-red 
oval testes, bearing no resemblance to  ovaries. 

Not only the anus, but frequently the external genitalia are found be- 
neath the hypodermis in some individuals of this class. Some rotation of 
the anus and external genitalia is the rule rather than the exception. 

In this, and Classes I V  and V, the posterior end of the duct-that is, 
either the uterus, or ductus ejaculatorius and sperm pump-may be 
everted through the body wall, or more rarely through the ovipositor 
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plates, and appear as a black lump lying between the anus and external 
genitalia. 

Class IV 
Those individuals in which many of the genital organs of both sexes were 

lacking are placed in Class IV. A typical specimen of this class had no 
external genitalia, and the anus ended blindly beneath the surface of the 
hypodermis. Aside from a single oval sac-like testis lying free in the body, 
no genitalia of any sort, external or internal, could be found. The tergites 
were male-like, as in all members of Classes I11 and IV. 

Class V 
The individuals in this class are distinctly female-like but still without 

exception retain the male segmental condition, as tergites six and seven 
are fused. 

Ovipositor plates are regularly present, and the anus consists of a dorsal 
and ventral rather than two lateral valves. Rotation of the anus and ovi- 
positor plates is frequent; the latter are usually abnormally shortened and 
weakened a t  their anterior junction. 

The uterus, spermathecae, and a ventral sperm receptacle are generally 
present. Short oviducts are found in about half the individuals. Three 
cases were noted in which spermathecae were found lying loose in the 
abdomen, even though the uterus and oviducts were not present. In three 
other cases the spermathecae lay outside the body with the everted uterus 
and the basal portion of the ventral receptacle. 

The gonads are not spiralled as in the male types, even when they are 
attached. This is not surprising, since DOBZHANSKY (1931) has shown that 
simdans gynandromorph testes retain their larval ellipsoidal shape when 
they are attached to oviducts. The gonads are not always completely 
orange-red as in the three lower classes, but frequently have patches of 
colorless tissue. These partially colored gonads are not sac-like, but have 
irregular partitions which may be the beginnings of egg chambers. 

Class V I  
This class includes the most female-like individuals, all of which have 

nearly normal ovipositor-plates (although they are usually directed ven- 
trally). A well developed uterus, ventral receptacle, spermathecae, and 
oviducts are also present. At least one of the gonads is an ovary with clear 
egg strings, although a small patch of orange-red tissue may be present a t  
the tip. In general the segmentation is of the male type, the sixth and 
seventh tergites being fused. In one individual, the most female-like inter- 
sex yet observed, the segmentation on one side was male-like, while on the 
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TRIPLOID INTERSEXUALITY I N  DROSOPHILA 515 
other side a split had occurred which left two tergites in place of the usual 
6-7 male compound. Whereas the compound male tergite has two pairs 
of spiracles, the split half-tergite had one spiracle below the basal part, 
but none below the apical half-tergite. However, a careful examination 
revealed that a large tracheal trunk ended blindly at the point where the 
missing spiracle would be expected to occur. An extra half sternite was 
likewise present on the same side, making the segmentation on one side 
that of the normal female and on the other side that of the normal male. 
The gonads were two normal-looking ovaries with no orange-red patches. 
Except for the assymetrical segmentation this specimen looked so much 
like a triploid female that without cytological proof of her intersexuality 
she would probably have been considered as an aberrant triploid. For- 
tunately, good oogonial metaphase figures were obtained from the ovaries, 
and they showed the usual intersex configuration of five V-shaped and five 
rod-shaped chromosomes. 

Four of the seven individuals making up this class gave clear oogonial 
metaphase preparations. In all four, two types of chromosomes were 
found; those like the ones found in any normal diploid or triploid ovary 
and some which were so swollen as to be almost unrecognizable (Plate I, 
h, i). Such swollen chromosomes were found in none of the other classes of 
intersexes, nor in diploid or triploid individuals. 

Class VI intersexes were frequently courted by diploid males. 
The frequencies of the six classes of intersexes are shown in Table 3. 

TABLE 3 

Frequencies o j  different intersex classes in americana. 

CLASSES I 11 111 IV V VI 

Number 93 50 9 I O  36 8 
Frequency (%I 45.1 24.3 4 .4  4 .8  17.5 3 . 9  

COMPARISON O F  INTERSEX MORPHOLOGY I N  VARIOUS DROSOPHILA SPECIES 

With a few exceptions the morphology of americana intersexes agrees 
very well with that found in melanogaster. 

The condition of missing anterior scutellar bristles of some americana 
intersexes is not reported for intersexes in any other species of Drosophila. 
The holding of the wings a t  right angles to the body is also found in the 
triploid intersexes of melanogaster (PIPKIN 1940), and STURTEVANT (1920) 
finds that simulans males homozygous for the intersex gene also have this 
characteristic. 

The protrusion of the attached end of the genital duct system through 
the hypodermis apparently does not occur in melanogaster, but STURTE- 
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VANT (1921) reports a similar phenomenon in simulans. However, in 
simulans the protrusion is between the ovipositor plates while in americana 
it  usually takes place between the anal plate and the external genitalia. 

Withdrawal of the external genitalia beneath the hypodermis, as found 
in americana, is found in the triploid intersexes of melanogaster as well as 
the diploid intersexes of virilis and pseudoobscura. 

Frequently in americana the anal tubercle is likewise drawn beneath the 
hypodermis. LEBEDEFF (1939) reports that such cases in virilis intersexes 
frequently result in death, since the feces are liberated into the body cavity, 
there being no opening to the exterior. This is also true for americana 
intersexes. 

Some intersexual individuals of both melanogaster and americana are 
almost totally lacking in external and internal genitalia (Class IV  in 
americana), but LEBEDEFF mentions no such cases in virilis. 

Duplication of all or part of the genitalia occurs in intersexes of ameri- 
cana, virilis, melanogaster, and ‘pseudoobscura. In americana the externalia 
of both sexes may occasionally be found in one individual, but no indi- 
viduals have been found with either two sets of ducts or two sets of gonads. 

Virilis intersexes are reported with bisexuality of the externalia and 
duct systems. In some cases the two ducts lead to complete sets of gonads 
of opposite sex (LEBEDEFF 1939). 

Pseudoobscura intersexes may have bisexual externalia and ducts but 
do not have more than one set of gonads, although these may differ in 
regard to sex. 

Melanogaster triploid intersexes are externally unisexual but may (rarely) 
have male and female ducts in the same individual. Only one pair of gonads 
is found in each specimen. 

While the gonads, particularly the testes of LEBEDEFF’S virilis inter- 
sexes, undergo internal degeneration and do not produce normal gametes, 
testes of the male-like intersexes of both melanogaster and americana pro- 
duce sperm, and in the case of americana, these sperm are actively motile. 

The above comparison of the triploid intersexes of americana with those 
of melanogaster, and the diploid intersexes of virilis, simulans, and pseudo- 
obscura shows that in the more fundamental characteristics americana 
triploid intersexes are more similar to the triploid intersexes of melano- 
gaster than to the diploid intersexes of pseudoobscura, or even the closely 
related species, virilis. 

The diploid pseudoobscura and virilis intersexes agree with each other 
in being frequently more hermaphroditic than intersexual, while the trip- 
loid ones of americana and melanogaster rarely possess complete genital 
ducts or externalia of both sexes. 

It is not a t  present clear whether or not the americana intersexes corrob- 
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orate the Time Law of Intersexuality. To clarify this point, a much 
larger number of intersexes should be examined. 

SUMMARY 

A case of triploidy in Drosophila americana Spencer is described. 
The triploid characteristics of americana triploid females are pheno- 

typically similar to those reported in D. melanogaster. They differ from 
their normal sisters in having roughened eyes, larger wing cells, and a larger 
body size. 

Disregarding the triploidy or diploidy of the microchromosomes, six 
chromosomally different types of off spring were obtained from matings 
of americana triploid females by diploid males. These types were: diploid 
males, diploid females, triploid females, intersexes, females carrying a Y 
and a male-limited fourth chromosome but otherwise diploid, and tetra- 
ploid females. 

Americana males and females have chromosomes X and IV fused. How- 
ever, the male Y is not fused to chromosome IV. Evidence is given that 
disjunction of the Y and male-limited IV from the male X-IV is normal and 
that non-disjunction, if it occurs at all, is very rare. 

All intersexes examined cytologically had the male Y and fourth chro- 
mosomes present. Intersexes without the Y would presumably be without 
the male-limited IV and would thus be inviable or very weak, since they 
would carry chromosome IV in duplicate but all the other autosomes in 
triplicate. 

No supermales or superfemales were found. Such individuals would like- 
wise be unbalanced for the fourth chromosome and would be expected to 
be inviable. 

The diploid females carrying an extra Y and male-limited IV carried 
a duplication for the fourth chromosome (a major chromosome in ameri- 
cana). They were very weak and phenotypically abnormal. 

The effect of the male-limited fourth chromosome on the intersexes and 
otherwise diploid females is evidence that it is not “empty,” unlike the 
Y chromosomes of virilis, melanogaster, and many other Drosophila species. 

It is pointed out that, unlike many other species of Drosophila, ameri- 
cana exceptional males and females resulting from primary non-disjunc- 
tion of the heterochromosomes would be very weak in the case of the fe- 
male and would probably not survive in the case of the male. 

The phenotype of the intersexes is very variable, ranging from nearly 
normal males which produce motile sperm to fairly normal-looking females. 

The intersexes morphologically resemble the triploid intersexes of D. 
melanogaster much more closely than the diploid intersexes of D. pseudo- 
obscura and D. virilis. 
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