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V. Finally, the iinyortance of collateral 
reading in the nlaste'rgieces of biological lit- 
erature is strongly emphasized. 

At the St. Louis meeting of the American 
Association of Anatomists, December 20, 1914, 
the report of the committee on premedical 
work in biology was approved by the associa- 
tion; and the committee was continued with 
instructions to submit the ap~n~oved report to 
the zoologists, and to secure their cooperation 
in carrying the wcsrlc further. 

H. McE. I<NOWER,Clza-irmarn 

SPBCIAL ARTICLES 

SEX DETERhCINATIOIi AXD SEX COPTTROL 1N 


CUISEA-PIGS 


THE observations, a short exposition of 
n~liicliis given here, were made 011 _guinea-
pigs, being used by Professor Stockard in he-
redity experiments. I Ie  very kindly placed 
the material a t  my disposal for this study, and 
I wish to express my appreciation of this 
favor. 

These observations show that tlie sex of a 
guinea-pig is determined sometimes by two 
and sometimes by three factors, depending 
upon ~vl~ether the nlotlier has previously born 
young. 

The first factor " A " is the sex tendency of 
tlic father. If the father has a male sex 
tendency, his sons will have a female tend- 
ency and his daughters a inale tendency. If, 
on the contrary, the father possesses a female 
tendency, his sons will have male tendencies 
and his daughters female tendencies. I n  
other words, sons exhibit the opposite and 
the daughters the same telidency as tlie 
father. 

The second factor '' B " is the sex tendency 
of the mother. A mother with a male tend- 
ency gives her daughters a female and her 
sons a male tendency. The mother with a fe- 
male tendency gives her daughters a male 
and her sons a female tendency. Thus the 
transnission of the sex tendency from the fe- 
male is also miss-cross in the same fashion as 
that of the male. Tlie females inherit like 
tendencies from their father and the males like 

tendencies from their mother, whereas the 
males inherit the reverse tendency of their 
father and the females the reverse tendency 
of iheir mother. 

The third factor " C " is confined to the 
female and is a change of sex tendency from 
litter to litter. This change in tendency 
n~anifests itself in the following way: 

Tf the first litter contains only males, the 
mother acquires) a female tendency for the 
nest litter and vice-versa. This new tend-
ency varies in strength, depending upon the 
number of young of one sex contained in a 
litter. Tlie greater the number of males in a 
litter, the stronger the female tendency will 
be for the next litter. This tendency is still 
more emphasized if the mother is successively 
mated with males of a definite tendency, and 
tlierefore forced to produce more and more 
young of one sex. 

The tendency of the various animals of a 
certain stoclc must first ba ascertained in an 
experimental manner; given a number of un- 
determined males and females, each male must 
be mated with all the females and each fe- 
male with all the males. After all the ani- 
mals have bcen tested in this way, the results 
will show more males from some animals and 
more females from others. If ,  now, the off- 
spring from these matings he grouped so as 
to take t,ho~e animals which have come from 
]nore male prod~~cing fathers ancl tlieir tend- 
ency be tested, it will be found that from the 
niales more females will be produced and 
fiom the females more niales. Provided the 
determination of the sex tendency for the 
first set of animals was absolutely correct, 
and if there was 110 other factor in action, the 
proportion of males to females should be as 
75: 25 from male producing males mated with 
females having diKerent tendencieq, ancl from 
female producing arnles the proportion is re- 
versed. I t  is, however, very difficult to deter- 
mine absolutely the sex tendency of ail ani- 
mal after only a few mat ing~,  and for this 
reason, some animals supposed to have a male 
tendency mill probably have a weak female 
tendency, and vice vema. 

I n  order to find with reasonable deliniteness 
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the tendency of animals, the tentletlcy of the 
ancestors for three or more generations 
should be known. It muat also be recalled, as 
explainecl above, that  thc thirtl factor " C " in 
the female reduces the difference between tho 
ratio nunibcrs of her male and female des- 
cendants. As a result of this, the difference 
between the number of rnales and females con- 
sidering only mother tcndency is smaller than 
the difference between males and fe~nales in 
the light of only the father tendency. A 
male has a male tendency or a female tend- 
ency and always maintains it, whereas the 
female has a born male or female tendency, 
but in addition to this she has a second tend- 
ency to change her sex tendency from litter to 
litter. The number of males and females 
derived from the secoad generation was as 
follows : 

I. Descendants of males whose fathcrs had 
a male tendency mated with mixed females; 
39 males to 54 females, i. e., 41.04 per cent. 
males to 58.06 per cent. females (sex ratio 
72.20). 

11. Dcscendants of males whose fathers 
had a femde tendency mated with mixed fe- 
males; 42 males to 23 females, i.e., 64.61 per 
cent. males to 35.39 per cent. females (sex 
ratio 182.60). 

1x1. Descendants of males whose mothers 
hacl a male tendcncy mated with mixed fe- 
males; 64 males to 53 females, i. e., 54.70 per 
cent. males to 4.3.80 per cent. females (sex 
ratio 120.83). 

IV. Descendants of males whose mothers 
had a female tendency mated with mixed fe- 
males; 18 males to 13 females, i. e., 48 per 
cent. males to 58 per cent. females (sex ratio 
92.30). 

V. Descendants of females whose mothers 
had a male tendency mated with mixed males; 
13 mdcs to 38 females, i. a., 41.94 per cent. 
males to 58.06 per cent. females (sex ratio 
72.22). 

VI. Descenclants of females whose mothers 
had a female tendency matecl with mixed 
males; 51 malcs to 43 females, i. e., 54.25 per 
cent. males to 45.75 per cent. females (sex 
ratio 118.60). 

TIT. Descendants of females wllosc fath- 
ers had a riralc tendcncy mated wit11 mixed 
males; 38 males to 36 fernalcs, i. e., 51.38 per 
cent. malcs to 48.62 per cent. fernalcs (sex 
ratio 105.5.5). 

VTII. Dcscendants of fe~nales whose 
fathers Irad a fernale tendency mated with 
mixed males; 33 rnalcs to 37 lernales, i. e., 
47.15 per cent. males to 52.85 per cent. feniales 
(sex ratio 89.18). 

These figures show that in the sons the 
tendency received J'rorn the father is stronger 
than that coming from the nlothei*, while in 
the daughters the opposite is true. 

When one exainines the descendants of ani- 
mals whose fathers had a male tendency and 
mothers a female tendency, a higher difference 
in the rclativc mx-inhcr of malcs and femalcs is 
found than from those cases in which the 
fathers alone had a male tendency. Twenty 
descendants of such male animals (father 
malc tendency and niotlner female tendency) 
mated with mixed females consietcd of four 
males and sixteen females, i. e., 20 per cent. 
nzales and 80 per cent. females (sex ratio 
25.00). From the fcmalrs of the same type 
(father male tendency and mother female 
tendency) nraled with mixed malcs, 29 males 
and I5  females were Clcrived, i. e., 65.90 per 
cent. males to 34.10 per cent. frmales (sex: 
ratio 193.33). 

From the sccond-gci~cration males whoso 
fathers had a female tendency and whoso 
mothers show a malc tendency mhen mated 
with mixed females were derived 32 males 
and 15 femalcs, i. e., 68.08 per cent. males to 
31.92 per cent. females (sex ratio 213.33). 
From the females of the same type (father 
female tendency and mother male tendmcy) 
mated with mixed males mere derived 6 males 
and 13 fernale descendants, i. e., 31.58 per cent. 
niales to 68.42 per cent. females (sex ratio 
46.15). 

Should one select males whose fathers had 
a fen~ale tendency and whose mothers had a 
male tendency and mate these with females 
whose fathers had a male tendency and whose 
mothers liar1 a female tendency, a higher dif- 
ference in the relative number of males and 
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females wiIl be found in their descendants 
than in any other possible case. From such 
combinations were derived nine animals, all 
males. In  the same way, from the combina- 
tion a male derived from a father, male tend- 
ency, and mother, female tendency, mated 
with a female from father, female tendency 
and motl~er male tendency, were derived six 
animals all of which were females. 

This regulation in the inheritance of the 
sex tendency is especially interesting in af- 
fording an explanation of the manner in 
which the equilibrium is maintained between 
tlie n ~ i m b e ~  of male- and female offspring of a 
given species. With each new generation 
each male animal has an opposite tendency 
from that of his father and each female ani- 
mal an opposite tendency from that of her 
mother. It, therefore, follows that a disturb- 
ance of the equilibrium in one generation will 
tend to be restored by the opposite tendencies 
in the following generation. The above-men- 
tionedl change of sex tendency from litter to 
litter in the fenlalei leads to the same result. 
This third factor "C " regulates equilibrium 
from birth to birth so that any disturbance of 
a great degree is impossible. 

The difference in the proportion between the 
sexes in different species may be due to the 
fact that in some species the father and 
mother have an equal influence on the deter- 
mihation of the sex of their offspring while 
in other species either the father or the 
mother may have the greater influence. 

When father and mother have equal influ- 
ence, the combination father, male tendency, 
with mother, female tendency, will give equal 
number males with females tendencies and fe- 
males with male tendency, and the comnhina- 
tion father, female tendency, with mother, 
male tendency, will give e q ~ ~ a l  nuniber males 
with inale tendency and females with fe-
male tendency. I n  this way equal numbers 
of male and female descendants will be pro- 
duced and equal numbers of the descendants 
will have male and female tendencies. In 
such a case the sex ratio should be 100 per 
cent. Should, on the other hand, the mother 
have the greater influence on the determina- 

tion of sex, as seems to be the case in the 
guinea-pigs, then the number of descendants 
with a male tendency will be greater than the 
number of those haring a female tendency, as 
the following scheme shows : 

Father with male tendency mated with 
mother witls female tendency will give more 
females (male tendency) than males (female 
tendency). 

Father with a female tendency mated with 
a mother with a male tendency gives more 
males (male tendency) than females (female 
tendency). Therefore from either cornbina-
tion the greater number of offspring have rr 
male tendency and as a result of this the sex 
ratio will be greater than 100. 

I n  guinea-pigs it really seems that the in- 
fluence of the mother is greater than that of 
the father, and this may be the explanation o-f 
the fact that the number of male guinea-pigs 
is greater than the number of females. 

Finally, if the father has a greater influence 
on sex determination than the mother the 
number of descendants with a female tendency 
will be greater than the number with a male 
tendency, and consequently the sex ratio will 
be smaller than 100, as is shown by the fol- 
lowing analysis : 

Father with male tendency mated with 
mother with fenlale tendency gives more males 
(female tendency) than females (male tend- 
ency). The father with female tendency 
mated with mother with male tendency gives 
more females (female tendency) than males 
(male tendency). Thus from either combina- 
tion the greater number of offspring have a 
female-producing tendency and as a result oE 
this the sex ratio will be less than 100. 

Concerning the third factor, the 
change of the sex tendency from litter to 
litter, a statistical examination shows the fol- 
lowing results : 

First: Relative number of male and female 
descendants after the birth of one or more 
females in one litter; 38 males to 12 females, 
i. e., 76 per cent. males to 24 per cent. females 
(sex ratio 316.66). 

Second: Relative number of male and fe- 
male descendants after birth of one or more 
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xr~ales;I 3  n ~ a l e s  to 38 Icmales, i. e., 25.40 per 
cent. males to 74.51 per cent. fernales (sex 
ratio 31.21). 

T o  determine fnrt1lt.r whether the sex-tend- 
cncy of males slioaed any inclination to change 
froin nlating to matin=; the reeortls were 
couilted i n  t h e  following manner : 

Tali-iug the nlatings of given males Iollow- 
ing malings that  ~rot tuced only female young. 
i t  u a s  found that  the procii~ct or such matiligs 
con~istctl  of 22 nlales to  27 fe~iiales, i. c., 44.90 
per cent. tnalcs to  55.10 per vent. feinales (sex 
ratio 81.48). 

Tnliing tlir  matings of aivcn males lollow- 
ing mating? that  producecl only inalc young, 
i t  m-as found tliat the protlucl of such mating? 
consisted of 28 male2 t o  24 females, 1:. c., 63.51 
per cent. nlkrles to  46.16 per cent. females (sex 
ratio I16,GB). 

Thi i  reiult  is therefore tlie reverse of t h a t  
show11 by the females. Whereas the females 
sllow a n  opposite tendency following each 
littc~r, thc males always maintain the same 
tcatlcncy. 

Only those litters which mcre purely male 
or female rwve u ~ e d  i n  tlie a1,ove considera- 
tion. After  a mixed litter o l  males and fe- 
rnalci. ~vhieh  is 1nore comnlon under natural  
conditions, ihcrc i~ not a pnre, but also n niixccl 
sex tenc1cnc.g. This  fact rciltlers the rccogni- 
ti011 01' the " C " factor culremely clifiicnll. 

Snrli  a caliaractcristic change i n  tenclency 
from birtll t o  birth also secrns to occur i n  
oiher aniinals. The daplinids, for ins1 ance, 
scxen? to I~ave ~ o i ~ i e  S I I C ~regulatjoll xTerg defi- 
nitely exl~ressed.~ Ti1 these organisms also the  
sex tenclcncy cll~~n,rreq aeration to jien- from 
cration a? well as frorn birth to birth in such 
a wny tha t  not after each g:neration and each 
birth, bii t after a nnmhcr of qcnernt ions and 
births, diflerinn with tlifferent sPecies, tile ex-
eh~s ive  prodoction of pz~*thcnogeuetic female 
ceases and the first males appear. noubtlf3ss 
we have i n  tllis a n  example of a clrnr~ge of the  
sex tendency, but  its expression is quite di8er- 
en$ f rom that i n  tlw guinca-pigs. 

1 Papanicolaou, G., "Exl~er~nientellc 1Jntosocl-i- 
iingen ii1,er clie Fortpflartsn~rgs~~rIh:iltnissodcr 
Daphniden," Llio7. Z7;crttrtrlhl, 30, 1810. 

From a theoretical standpoint, it is very 
important that  coincid(1ntally with the ch:~ngc 
of scs  telltlency in < h e  surrimcr eggs froin 
fernalc t o  male i n  illoina 1-ectirosl~is var. 
Li l l jeboty i i ,  tliere is also a change i n  the color 
of thew eggs from violet to  blile.2 This fact  
probably indicates that  somc chemical chnngc 
occurs i n  the egg.: a t  the same time that, the 
cha~lge i n  thc sex tcnrlency tali-cs place. 

At  tlie presc~nt time I am eildcavoring t o  
corrlplete my ob3ervations and l o  dcter~ninc 
shtistically the relativc value of the three 
factors i n  tliflerent combinations. Since. how- 
ever, t l ~ e  animals a t  my disposal are  designed 
csyecially for  the stutly of the drgcilcrative 
influence of alcohol. i t  will, no iloubt, require 
a long pcriotl of time to collect hu~ltlreds oI 
selected cases, since so Fcw a~iimals  of the 
gmerations later than the lliird are  capable of 
reprotluclion. 

This  preliminary report is published with 
the hope that  other investigators, having a 
l i~ rge  stock of diit'erent animals a t  their dis-
posal. may fui~tller contribute t o  the solntion 
of this problcm i n  a11 i ts  details. 

SCCTlON C 

TEIS first scqsloa nns held on the aftenloon of 
Tl~ursday, Dtccnlbcr 31, a t  the John Harrison Lab-
01:llory of Chemist1y, Vice plesiElent Edgar F. 
smitllin t ~ l eellair, lvilh an atlelld~snt~cof 
75. 	 The folloninp oaicersm e l o  

Vzce pTeslde,Lt-lvilliam J[ePherson, Ohio state 
U,i,,,,,ty. 

u(nih(,r o f  C:ol~~~ci l -~~ .T.Tnggzrt, University 
,f ~ ~ , , , s ~ ~ i , a n i n .  

J f c ~ n b r ~of Ornclrnl Comnrittcc-L. W. Joney 
Unilelsity 	of Cincinnati. 

JIc~~nhtr C. Franklin,of S~rtionctlClimmallee-E. 
Stanford University. 

Tlre section passed a resolation to the following 
effect: Thnt tlrP colnlrlittcc of section c pndc:rvor 

2 Ibid. 


