
















































18 PHYSIOLOGY OF SEX DETERMINATION 

makes it possible to regard the nature of sexuality in the 
Protozoa from the same point of view as in the · 

We must determine first what there is in the Protozoan 
which bears the doom of death, something, that is to say, 
physiologically like the body cells of the Metazoa, and what 
there is present physiologically like the sex cells of the Metazoa, 
which untouched by these mortal influences makes it possible 
to commence life anew. When we regard the reproductive 
cycles detailed above this point of view we perceive the 
following physiological analogies to the Metazoan conditions. 

In sexual reproduction in the Protozoa it may be said that a 
corpse ·remains which is physiologically comparable to the body 
cells of the Metazoa. In the case of the Gregarines it is the 
greater part of the protoplasm and quantitatively the greater 
part of the nuclear material. The same thing holds good for 
the Rhizopoda. In Act z'nosplzam'um it is a certain part of the 
protoplasm and a considerable amount of nuclear material. In 
the Infusorian it is the entire macronucleus. 

In the Protozoa the material necessary for the formation of 
the new organism is reserved and kept free from the general 
metabolism just as is the case with the Metazoan sex cells. 

This is not always visible directly, but it can be deduced 
in all cases. It can be actually seen in those examples where 
the material for the nuclei of the future gametes is stored as 
propagatory chromidia in the cytoplasm (Sporetia, Goldschmidt; 
Idiochromidia, Mesnil) or where it lies already within a nucleus 
(Hartmann's polyenergid nuclei). 1 It is particularly clear in 
the Infusoria where the sex nuclear is separated in 
the form of one or more micronuclei (the homologues of the 
propagatory chromidia ) during life and from the beginning of 
the individual exi stence (like the germ tract (Keimbahn) of 
M z'astor), whilst the general body functions are taken over by 
the macronucleus which, like the body cells of the Metazoa, is 
destined to die. 2 Now since even the elementary details of 

1 Hartm ann, M., " Polyenergide _Kerne. " Biol. Centrbl. , 29, 1909. -Gold­
schmidt , R. , "Di e Chromidien der Proto zoen. " Arch. Pro tistenk., 5, 19o4. 

2 This is the quint essence of our oft misunder stood Duali sm us theory. See 
Goldschmidt, R., "Der Chromidialapparat lebh aft funktionierender Gewebe zellen. " 
Zoo!. J ahrb. (An.) 21, 1904.- " Die Chromidi en der P rotozoen." Arch. P roti stenk ., 
5, 1904.- " Lebensgesc hicht e der Mastiga moben 111/astij(el!a vitrea und 111 astigi?la 
selosa." Ib id. Suppl. 1, I 907.-" Das Skelett der M uskelzelle von Asca ris usw." 
Arch. Zellf., 4, 1 909. 









































































52 . PHYSIOLOGY OF SEX DETERMINATION 

happen when fertilization occurs; either a spermatozoon with 
ten chromosomes fertilizes the egg (which always contains 
eleven ) or else a spermatozoon with eleven chromosomes performs 
the function. 

In the first case the resulting organism will have twenty-one 
chromosomes in its cells, in the latter the normal number will 
be twenty-two. But since the males always have twenty-one 
chromos omes and the females twenty-two, it is apparent that the 
spermatozoon with one X chromosome is a female determinant, 
whilst the other kind without an X chromosome at all is a male­
determining sperm cell. 

The insects are and have been classic objects for the study 
of the sex chromosomes, but technical difficulties in this group 
often render it almost impossible to follow the complete cycle 
of the X chromosome through fertilization and development. 
Another example may therefore be described here-the chromo­
some cycle in the Nematode, A ncyraca ntlzus cystidicola-in which, 
thanks to the work of Mulsow, 1 the complete history is very 
thoroughly and satisfactorily known . Fig. 32 illustrates dia­
grammatically the chromosome cycle of this worm. 

The right -hand circle represents the female cycle, the 
left-hand one the male, and both circles touch at the fertilization 
point. Stage I on the right-hand side is the female worm with 
one of the primordial egg cells in the ovary containing twelve 
chromosomes. The two X chromosomes, which are not really 
distinguishable, are coloured red. Stage 2 is the egg cell alone 
before the period of growth. Between stages 2 and 3 synapsis 
takes place and the chromosomes pair; stage 3 represents 
the egg during the growth period when the chromosomes are 
not visible. They appear again united in pairs in stage 4 at 
the beginning of maturation, and of course there are six double 
elements or pairs. The first maturation division (stage S) 
removes six entire chromosomes in the first polar body, whilst 
th e second maturation division (stage 6) splits each remaining 
chromosome along its length and separates the halves. The 
mature egg is shown in Fig. 32, stage 7, with the reduced 
numb er of chromosomes one of which is the X chromosome. , 
This appli es to all the eggs. 

The male animal (Fig. 32, left-hand side, stage r ) possesses 
1 Mulsow, W. , "Der Chrom oso menzy klu s bei Ancyraca nthu s cys tidicol a ." 

Arch. Zellf. , 9, 19 12. 
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100 OF SEX DETER lVlINATION 

a marked influence on growth, differentiati on, and function. The 
classic examples are the influence of the hormones of the 
pancreas on metabolism and th e hormon es of the thyroid gland 
on growth. 

Now in those organisms wh ere int ernal secretions localiz ed 
in particular glands are n ecessary for the normal growth and 
functions (and this is particu Jarl y the case for Vertebrates), one 
also finds that the special process es of differenti ation which oc­
casion the differences between the sexes are more or less de­
pendent on an internal secretion originating in the gonads. It 
follows from this fact that only the relati on of horm ones to the 
external attributes of sex, i.e. th e second ary sex char acte rs, is 
likely to com e under our notice in th e first plac e. The sex 
glands th emselves, and th erefore th e sex, must of course be 
already present befor e any specific influenc e of these glands is 
exerted. Only under special circumstanc es can it be possible to 
study the relations of harmonic action to the total sexuality, an 
in vestigation which must naturally be of the greatest importance. 
Let us first ther efore, the importance of the hormones 
of the already differentiated sex glands for the secondary sexual 
characters. 

a. I nternal S ecretions and S econdary S e:i:ua! Charact ers 

In consid ering th e facts to be detailed under this heading one 
p:)int must be clearly kept in mind-the internal secretion of the 
r eproductive organs, lik e that of the oth er organs mentioned, is 
no simple phenomenon . It is associated in the most diverse 
manner w ith proce sses of gro w th and functions of the body, and 
stands, moreo ver, in close r ela tion ship to th e function of oth er 
g lands of int ernal secretion (du ctl ess gland s).1 Con sequently 
w hen w e stud y th e effects of cas tr a tion or transpl antation of th e 
gonads we must separat e th e resulting gene ral physiological 
condition from that which is rea lly of imp ortanc e to th e sex 
problem. Thi s has not always been done and many err or s have 
crept in as a result. S imil a rly it has not been su fficientl y r ea lized 
th a t diff erent spec ies of orga nisms va ry in th eir abilit y to make 
con siderabl e morp hoge netic alter a tions in th eir adult stages. 

i T and ler, J ., und Gro sz, S., "D ie biologischen Gruncllage n cler sekunclaren 
Geschlechtscharaktere. " Be rlin, 19 13.- Harms, 'vV. , "Experimentelle Un tersuchun ­
gen iiber die innere Sekret ion der Ke imclriisen." J ena, 19 14.- Biecl l, A.," Innere 
Sekre tion," 2 Aufl., 19 13. 
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same which of the above is correct, the feature of real importance 
is the fact that th e gonads as a whole are the seat of a hormone 
production. 

Castration in the Mammalia results in a cessation of the 
normal dev elopment of the secondar y sexual charact ers. The .. 

a 

inized male guinea-pig j upper figure suckling, lower figure 
F IG. 54.- Fem the teats. After Stemac h. 

'fi h mones are necess ary, th erefore, for th eir compl ete 
spe c1 c or · 

t T heir absence, howev er, does not bn ng about th e 
deve lop men · f · 

t of th e seco ndary sex chara cters o th e opp osit e 
deve lopme n d · · 

N 
S teinac h cas t ra ted yo ung ra ts an gumea-p 1gs and 

sex ow W h h l" h · 1 nted ovaries into them. en ea mg ad ta ken th en transp a 













PHYSIOLOGY OF SEX INHERITANCE 109 

and retains it for years. Now if everything were the same 
in insects and birds, so far as sex determination was concerned 

J 

the birds would change their sex, that is, become intersexual, 
in the course of their life. And this would take place from 
the moment where the curve of the other and slower sex re­
action intersects with that of the more rapid reaction (see 
Fig . 5 r). This change, however, is prevented through the 
production of inhibiting hormones by the sex glands. 1 As 
soon as such production ceases (as in old birds) intersexuality 
begins and proceeds so far as the physiology of the processes 
of differentiation permits . Possibly in the Mammalia the last 
stage in the centralization of the control of sex differentiation 
has been reached, and the production of hormones of sex 
differentiation has been transferred from the individual cells 
to the interstitial cells of the gonads. If that were the case, 
gynandromorphism would be impossible in this group. As 
indicated above, we regard all these points as not yet ripe 
for discussion, and for this reason have refrained from going 
.further into details. 2 Our main purpose will be served by 
reference to an important example of real harmonic inter­
sexuality which is described in the next section. 

b. R eal H ormonic lnterse:r:uality 

Up to the present only one ca:e . is known which 
can be safely classed in this category. This is the remarkable 
"hermaphroditism" of one partner in many cattl e twins. Twin 
births from cattle are as a matter of fact not common. Now 
from the point of view of sexuality four types may occur, 
namely: ( r) two males, (2) two females, (3) a male and a female, 
(
4

) a normal male and a sexually calf. When the 
twins are of unlike sex the fourth type is actually th e rule and 
th third the exception. The sexually abnormal individu al 

the freemartin .English-the Z wicke of the Austrian 

Al ) is usually female m its external sex characters and more 
ps . • I . f h. male internally. A very sat1s1actory exp anat10n o t 1s striking 

case has been suppli ed first by Keller and Tandl er, and later by 

. 1 1 s brou crht forward ev idence th at in mammals the go nad horm ones 
1 Sternac 1 ia " 

l d) ·1111 ibit the deve lopm ent of th e characte rs o f th e other sex J·ust as 
(pub erty g an 1. 
they adva nce their own. . . . . . . 

·t· as rerrards the mammalia is discussed m detai l by Stemach and 
2 The pos1 1011 ,,, 

L
. h .. t (Arch En twicklun gs mech., 42, 44). 1psc u z · 
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112 PHYSIOLOGY OF SEX DETER lVIINATION 

If at this early stage the testes of the male twin produce 
hormones which determine male differentiation, th ey can enter 
the female embryo by way of the blood stream and induce 
intersexuality, which would be an embryonic harmonic inter­
sexuality. Both the authors named arrived at this conclusion. 

The accuracy of this conception must now be demonstrated. 
First we have the anastom osis of the blood vessels . It is quite 
evident that this is the deciding factor, because in all cases of 
normal sexuality there is no such anastomosis. Then again in 
all other mammals where twins of different sex occur there is no 
connection between the two embryonic circulations, as a com­
parison of Fig . 58 (the condition in the sheep ) with the preceding 
illustration shows . Th en there is another question-How is it 
that the female becomes intersexual and the male not, although 
the same blooc\ runs through each? According to Lillie the 
answer follows from the fact that the testis differentiates histo­
logically earlier than the ovary and its interstitial glands are 
ready to secrete at the tim e when the embryological conditions 
favour the action of its hormones. The result, as histological 
investigation shows, is that the corresponding differentiation of 
the ovary is actually repress ed from this early stage and con­
sequently the female hormones never come into action at all. 
This in itself prov es that the freemartin is an intersexual female 
which has been produced through the presence and influence of 
male hormones in its blood during the time of differentiation of 
the sexual characters. The physiological effect of the hormones 

....,,js thus the same as the abnormal concentration of the sex enzymes 
in the Gipsy moth experiments- a point also stress ed by Lillie. 

· So far as details are concern ed, it appears that the degree of · 
intersexuality of th e fr ee martin varies within certain limits, and 
j/udging by the data available th e caus e app ears to be the sam e 

1 
as that i? t_he of the gipsy moths, the relation of the 

I different1at10n time of an organ to the time wh e n the hormones 
commence action. The e·xternal genitalia are least often affected 
(som etim es th e clitoris deve lops into a kind of phallus, Kell er 
and Tandler ), and th e sa me appli es to th e mammary glands 
which appear to be differenti a ted v ery early. The int ernal 
organs which do n ot aris e until later are mos t affected, and it is 
t l!ese which becom e almo s t male in the free martin. In Fig . 59a, 
b, and c, thr ee typical young embryos are illu s tr a ted, male, female, 
and freemartin; it will be seen how th e de velopm ent of the 
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tion 1s taking place, a reg eneration occurs. Harms 1 was 
abl e to demonstrate experimentall y th at thi s organ pos sess ed 
an int ern al secr eting function. On e of the second ary sex 
charact ers of th e Amphibia whi ch is dependent on the inter­
nal secret ion of the testi s is the development of th e thumb 
pads . Now if eith er the testis or th e organ of Bidder is extir­
pat ed no effect on the thumb 
pads results. If both, how- f 
ever, are rem oved th e latter I 
do not develop, but th eir de­
ve lopment can be arou sed if a 
Bidd er's organ is transpl anted 
and healed into the dors al 

a b 

I 
--1 1 

F IG. 85.-0 rgan of Bidder. a, general view of th e testes and kidn eys (after Knapp e) ; 
b, section th rough testis and Bidder' s orga n. 

BO organ of Bid der; E , Mullerian ducts ; U , Wo lffian ducts; N, Kidney ; F k, fa t body. 
' Prepara tion and Photo made by Prof. Poll. 

ly mph sa c. T hu s th e orga n of Bidder is a rudim entary ova ry 
w hich ha s suffered a change of fun ction and become an orga n 
of int ern al secre tion. Consequ entl y it is re tain ed in th e adult. 

i H arms, vV., " Experimen telle Unt ersuchungen Uber die innere Sekret ien der 

Ke imd rUse." J e na , 19 14 . 
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embryonic inters exuality which, at least in the case of the oro-an 
I:> . 

of Bidder, has acquired in a sense a certain degree of permanence, 
the female parts of the gonad of the males having to a greater 
or lesser extent undergone a change of function into a gland of 
internal secretion. As such they have persisted, keeping in 

· part the gonad structure. 

F1:i. 86.-Reproducti ve organ s of Perla 
111argi11ata. 

Ov, O\'arian tubules; H, testi s : Vd, vas de ferens . 
After Sch iinemund. 

In other comparable cases 
nothing is known of such a 
change of function, but the 
most probable assumption is 
that developmental conditions 
like thos e associated '<vith 
transitory intersexuality in 
frogs are concerned which, 
however, are not followed by 
a subsequent elimination of 
the ovarial part of the testis . 
In principle then the case is 
of the same nature as the re­
tention of the M ullerian ducts 
in many Amphibia or the 
parovaria, etc., in female 
mammals. In insects and 
Crustacea one finds as a 
matter of fact all the stages 
of such accessory hermaphro­
ditism realized, and they pro­
vide material for such an 
explanation as th e abov e­
a preliminary explanation it 
is true so long as experim ents 
fail. 

H i " as able to show that in Biatta ger111anica a part eymons vv . 
f th land fundament of the male was normally d1fferen-o e sex g . . 

tiated to a small extent in the fe1_nale d1rect1on. In many cases 

ti · 
0 

far that primitive oviducts are formed and egg cells i1s goes s . . 
b · t d elop Occa s10nally re marns of the aniage are found egm o ev . . . 
up to th e Imago sta ge (ls opod s, D ecapod s). In Orchcstza, again, 

H R "U ber d ie H ermaph rodite Anlage cle r Sex ualclriise n beim 
1 eymons, ., 

M
.. 1 voil p;111/!od1·0111ia r;er111a11ica." Zoo!. Anz., I 3, 1890 . a nnc 1en ._, . 





















































194 PHYSIOLOGY OF SEX DETER.MIN ATION 

and this also corresponds to the expected. Finally, the hybrid 
females gave both yellow and grey drones. It is clear, therefore, 
without further discussion that the results are exactly what is · 
to be expected on the theory of Dzierzon. 

The mechanism of this kind of sex differentiation is also 
known now, in particular through the work of Petrunkewitsch, 
Meves, and Nachtsheim. 1 The normal chromosome number of 
the bee queen is thirty-two. A sex chromosome is present, but 
morphologically is indistinguishable from the others. Maturation 
divisions take place in each egg, reducing the chromosome 
number to sixteen. If now such an egg is fertilized it develops 
into a female. Assuming that one of the paternal chromosomes 
is an X chromosome, a fertilized egg will therefore contain two X 
chromosomes and the case can be represented by the formula 
(M)FF = '?. If the egg is not fertilized, it develops into a male. 
This development takes place, however, with the reduced 
number of chromosomes-that is, with only one X chromosome, 
and the formula corresponding would be (M)F = c) . 

Meves has discovered that · in the spermatogenesis of these 
male bees no reduction division takes place, only an apparent 
division without participation of the chromosomes (see Fig. 
100). All the sperm cells are therefore of one kind, that is, 
with sixteen chromosomes, and so the cycle is completed. 

It will be clear that the facts fit completely into the scheme 
of the sex mechanism already made known, the special feature 
of the case being only that the bees do not employ the usual 
method of heterogametism for the establishment of the sex ratio, 
but attain the same result in regard to the quantitative com­
bination of the sex enzymes by the employment of parth eno­
genesis with hom ogametism in both se xes. 

From the standpoint of the theory of se x inheritance these 
discoveries are of far-reaching gen eral significance. Th e 
identity of the Mendelian interpretation and the cytological 
facts in regard to the sex chromosomes was deduced on the 
basis of heterogametism - homogam etism = heterozygotism -
homozygotism. If, ho we ver, we would express the cas e of the 

1 Petrunk ewitsch, A., " Die Ri cht ungsko rper und ihr Schicksa l im befruchteten 
uncl unbefru chte ten Bienenei." Zoo!. J ahrb., 14, 1901.- Meves, F ., "Di e 
Spermatocytenteilun gen bei de r Honi gb iene usw." Arch. mikr: An., 71 , 1907.­
Nac htsheim, H ., "Cy tologische Studien i.iber die Gesc hle cht sbes timmung be i der 
Honi gbiene." Arch . Zellf., 11 , 19 13. 





































212 PHYSIOLOGY OF SEX DETERMINATION 

discovered that each of its broods contained small male eggs and 
large female eggs. This gives us naturally a complicated situa­
tion for the mechanism of sex distribution. Male heterozygotism 
does not come into the case at all, for the eggs are already 
sexually determined. The assumption of female heterozygotism 
hits up against the difficulty that the eggs are determined long 
before the maturation divisions. Unfortunately the attempts 
made so far to explain the case have failed. One of the 
peculiarities of Din opftil us is that the eggs are fertilized before 
the oocyte growth takes place (Shearer, Nachtsheim 1

). One 
might suppose, therefore, that heterogametic sperms exercised 
an influence on the visible differences of the eggs. De Beau­
champ 2 and N achtsheim showed, however, that parthenogenetic 
eggs were likewise sexually dimorphic. Another possibility is 
that, like the eggs of Rotifera, the male eggs develop partheno­
genetically haploid. But they show the normal course of ferti­
lization (Nachtsheim ). 

Since now into the bargain no X chromosomes are to be 
demonstrated, there seems no possible way of explaining the 
case other than the following: The female is heterozygotic and 
possesses, as in so many other cases, · a non-distinguishable 
XY-group. Unknown active factors present in the egg plasma 
(which have been termed controlling factors ) 3 so condition things 
that in the eggs which store up the greatest quantity of ycilk 
(female eggs) the maturation divisions are compelled to run so 
that the X chromosome goes into the polar body, the converse 
being the case in th e male eggs. As it is known that there are 
such controlling factors which, in addition to influencincr the 

b 

course of the maturation divisions (reduction-non-reduction 
in Daphnids ), in the same eggs the protoplasmic 
differences (summ er and winter eggs of Daphnids ), the above 
solution seems at present to be th e one which falls in best with 
th e kno wn phenomena. 

1 Shearer, C., "Th e Problem of Sex-Det ermination in Dinophi!us l{'yrocz"liatus." 
Qu. Journ. Mier. Sc., 57, 19 12.- Nac htsheim, H., "Das Problem der Geschlecht s­
bestimmun g bei DinojJ!tilus." Ber. N alf. Ges. Frei burg, 2 1, 1914.-" Cytologische 
und experiment elle U ntersuchun gen usw." Arch. mikr. An., 93, 1919. 

P . de, " Sur !'existence et !es condition s de la parth enogenese 
chez D inopldlus ." C.R. Ac., 150, 1910 ; furth er see ibid., 154, 19 12. 

:i Correns-Goldschmiclt, " Vererbun g und Bestimmun g des Gesc hlechts." Berl in, 

1913. 
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The first litters of a female here contain more males than the 
later ones. The natural implication is that the physiological 
condition of the eggs is responsible. Should the deductions 
drawn from these results turn out to be correct, there would be 
no difficulty in bringing them into line with the other biological 
data. It is known in connection with the Daphnids and Rotifers 
that an inherited cycle brings about definite conditions in the 
egg which regulate a maturation and fertilization mechanism. 
It is also known that in the Mammalia th ere are other heredit­
abl0 rhythms which are bound up with the reproductive organs 
-as, for example, ovulation, rutting, and cyclical chang es in the 
testis. Furthermore, we know that in the Daphnids the number 
of broods, as well as the number of generations, plays a role in 
the cycle. The assumed cyclical condition of the eggs consti­
tutes, therefore, the same problem as that of other rhythms, and 
thus from the point of view of the sex problem may be regarded 
as explained. 

So far now as the second possibility is concerned, namely, a 
difference in the behaviour of the two kinds of spermatozoa in 
the competition for fertilization, there is already evidence from 
many sides indicating that it is possible to explain divergences 
from the normal in sex ratios on these lines. There is also 
diverse material which seems to support the correctness of 
the assumption even if th ere be no undoubted proof.1 In the 
first place mention must be mad e of the great difference in the 
size of the two kinds of spermatozoa (discovered by Wilson and 
confirmed by Zel eny 2 through numerous measurements ) in cases 
in which male heterogametism has been demonstrated. Fig. 

107 
shows a bimodal curve which Zeleny obtained from such 

measurements and the two parts of the curve are almost equal, 
which corresponds to the expectation. It is quite conc eivable 
that the two sorts of sperms have different sp eeds and therefore 
different chances of fertilization. 

Certain experiments indicate that it is possible to influenc e 
the two kinds of sp erms in such a way that a different fertili zation 

1 A lthou gh we limit our se lves here to the animal kin gdom, it must at leas t be 

not ed th a t in the plant world th e ev idence of Cor'.·ens and . Renn er can be addu ced. 
Of cour se th e pollen tub e cann ot be compared dir ectly with the spe rm atozoan but 

"th th e whole male indi vidu al. 
WI . D" . . 

C., and F aust, E. C., " Size 1morph1sm 111 the Spermatozoa frcm 

Single T es tes ." Journ. Exp. Zoo!., 18, 19 15. 


































































