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Behaviour and Random Mating 

In  the  last  few years there  has been a rap id ly  awakening  
in teres t  in the  field of behav iour  genetics l-a. A con- 
sequence is an increased n u m b e r  of exper iments  where 
the d i rec t  observa t ion  of ma t ing  invo lv ing  choice be tween  
different  genotypos  is carr ied out,  a l though  some such 
exper iments  have  been repor ted  for m a n y  years  x,4 
especial ly in Drosophila, E n o u g h  d a t a  h a v e  now been 
accumula ted  to enqui re  whe the r  ma t ing  general ly  occurs 
a t  r a n d o m  or not .  This  is an  i m p o r t a n t  ques t ion  "since 
much  work  in popu la t ion  genetics is based on this  
assumption.  

Clear ly  some loci are  no t  invo lved  d i rec t ly  in ma t ing  
behaviour .  However ,  i t  is l ikely t h a t  m a n y  loci have  
pleiotropic  effects invo lv ing  ma t ing  behaviour .  The  
assessment of whe ther  ma t ing  occurs a t  r a n d o m  or no t  is 
often made  indi rec t ly  by  f i t t ing progenies  to  expec ta t ions  
based on the  H a r d y - W e i n b e r g  Law. This  is no t  a par t icu-  
lar ly  sensi t ive test,  and  m a n y  factors  m a y  p l ay  a pa r t  
be tween  mat ing  and the  scoring of progenies.  

STURTEVANT 4 in 1915 carried ou t  male  and female 
choice exper iments  for 4 m u t a n t  strains and a wild type  
s t ra in  in D. melanogaster. For  example ,  consider ing experi-  
ments  invo lv ing  whi te -eyed  and wi ld- type  flies, i t  was 
found t h a t  whi te -eyed  females ma te  more  f requen t ly  in 
the  male choice s i tuat ion,  and wi ld- type  males in the  
female  choice s i tuat ion.  Thus there  is non- random ma t ing  
due to differences in the  v igour  of sexual  behaviour ,  i.e. 
there  is scxual  selection. A n u m b e r  of. exper imenters  
working  wi th  m u t a n t  genes have  demons t r a t ed  sexual  
select ion de te rmined  by  differences in the  v igour  of one 
or  bo th  sexes. STURTEVANT 4 used direct  observa t ion  in 
his exper iments ,  b u t  of ten  ma t ing  is assessed f rom female  
dissect ion tests  5. Recent ly ,  var ious  m a t i n g  chambers  
have  been deve loped  for di rect  observa t ion  so pe rmi t t i ng  
the  s t udy  of mul t ip le  choice mat ings  invo lv ing  2 or  more  
genotypes  per  sex B-~. One of these  chambers  7 consists of 
a glass j a r  where  ma t ing  pairs  are r e m o v e d  wi th  an  
aspirator  Ior scoring, In  5 exper iments  wi th  this chamber ,  
where yel low and wild type  (Canton-S) flies were mixed  
in equal  propor t ions  (20 per  geno type  per  sex), i t  
was found tha t  there  were 26 + ~  × +c~, 26 y~  × + ~ ,  
5 +~ x y6, and 18 y~ x yd~ mat ings  a t  the  s tage when 
3/4 of the  to ta l  possible mat ings  had occurred,  thus  show- 
ing ex t reme  non- random ma t ing  due to the  lack of success 
of y males  wi th  + females. Other  such exper iments ,  for 
example  wi th  wild type  and whi te-eyed flies, showed non- 
r andom mat ing  due to overal l  differences in the  act iv i t ies  
of the  males of the  2 genotypes,  and wi th  yel low and 
whi te  flies few mat ings  occurred excep t  be tween  yel low 
flies. 

PETIT ~ s tudied mul t ip le  choice mat ings  using Bar-eyes  
wi th  wi ld- type  and whi te-eyes  wi th  wi ld- type,  and  
demons t r a t ed  sexual  select ion main ly  under  the cont ro l  
of - the  geno type  of the  male.  She assessed her  resul ts  by 
classifying the  p rogeny  of  insemina ted  females. Ba r  males  
were a lways  d i sadvan tageous  compared  wi th  wi ld- type  
males,  b u t  the  level  of d i sadvan tage  was grea tes t  when  
Bar  was mos t  f requent .  F o r  whi te  and wi ld- type  males,  
t he  whi te  males  were d i sadvan tageous  when 40-80% of 
males  in the  popula t ion  were white ,  b u t  outs ide  these  
l imits  when whi te  males  were rare  or  abundan t ,  t h e y  
were advantageous .  Thus  in bo th  cases, ma t ing  success 
depends  on the  p ropor t ion  as well  as the  na tu re  of the  
compet ing  genotypes .  Using ELENS-WATTIAIJX chambers  
in which mat ings  are observed d i rec t ly  and pairs are no t  
removed,  it  was found for h o m o k a r y o t y p i c  s trains of 
Ar rowhead  and Chir ieahua in D. pseudoobscura, t h a t  the  
mino r i t y  genotypes  were often more successful in ma t ing  

than  v-hen t h e y  were in a m a j o r i t y  9,~°. Perhaps  there  is 
intense compet i t ion  be tween  like c o m m o n  genotypes ,  and  
any rare genotype  would  no t  compete  qui te  so intensely,  
hav ing  a s l ight ly  di f ferent  behav iour  pa t t e rn  f rom the  
c o m m o n  genotypes .  The rare genotype  would then  per-  
haps m a t e  more  f requen t ly  t h a n  expec ted  on the  basis of  
its f requency.  There  is ce r ta in ly  s t rong  compet i t ion  be-  
tween males  in de t e rmin ing  ma t ing  speed in D. pseudo- 
obscure for ST/ST,  S T / C H  and C H / C H  (ST = S tandard ,  
CH = Chiricahua) karyotypes ,  since the  m a t i n g  speed is 
subs tan t i a l ly  grea te r  when  3 males are placed wi th  one 
female,  compared  wi th  3 females wi th  one male  n. 

W h e n  there  is a general  t endency  for l ike pheno types  
to  m a t e  more  f requen t ly  t h a n  expec ted  a t  r andom,  t h e n  
the  popula t ion  shows posi t ive  assor ta t ive  m a t i n g  as has  
been found in some Drosophila species for s t ra ins  f rom 
different  localities~, 12. I n  D. melanogasCer posi t ive  assort-  
a t ive  ma t ing  has  been found recent ly  for s te rnopleura l  
bris t le  number ,  which  is a met r ica l  t rai t ,  by  placing v i rg in  
females and males in a m a t i n g  chamber  where m a t i n g  
pairs are r emoved  wi th  an aspiratorS. Corre la t ion  
coeft icients be tween  m a t e d  pairs fell be tween  0.1 and 0.2 
and were s ignif icant ly  grea ter  t han  zero. Similar  results  
were ob ta ined  for abdomina l  bris t le  number .  Thus  there  
is a t endency  for flies wi th  s imilar  bris t le  number s  to  
mate .  This  could be a di rect  effect  of f ly  size, since 
s te rnopleura l  brist le n u m b e r  and fly size are d i rec t ly  
corre la ted when fly size is a l tered by  env i ronmen ta l  
means  18, or  perhaps  there  m a y  be sl ight  cour tsh ip  be- 
hav ion r  differences be tween  flies of di f ferent  sizes ~4. 
There  is a need to ascer ta in  the  degree of assor ta t ive  
ma t ing  in na tu ra l  populat ions ,  to f ind ou t  its impor tance  
in modi fy ing  the  genet ic  cons t i tu t ion  of  popula t ions  ~. 

I n  mice,  some experimentsXS, ~6 are  of in te res t  in re la t ion  
to the  impr in t ing  of env i ronmenta l  effects. Young  mice 
were  reared  by  paren t s  pe r fumed  wi th  an  absolute ly  
foreign odour,  an  ex t r ac t  of Violella odorata, and the  
sexual  behav iour  of offspring which  were al lowed to 
choose be tween  2 individuals  of the  oppos i te  sex, one 
pe r fumed  and one normal ,  was studied.  The  2 indiv iduals  
were placed in separa te  compa r tmen t s  to  avo id  f ight ing 
be tween  them.  I t  was found t h a t  females reared  by  per- 
fumed paren ts  tended  to choose per fumed  males, and 
control  females tended  to choose control  males. Hence  
the  sexual  preferences of female  mice are  s t rongly  in- 
f luenced by  the  precocious learning of the  paren t s '  t ra i ts  
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i.e. by imprinting. Similarly, preferences between strains 
vary according to whether females are reared by both 
mother and father, or by the mother alone. I t  thus seems 
important  to a t t empt  to find out the importance of early 
learning in determining mating preferences, although it 
is known to be important  in certain other species 17. 

All the mechanisms discussed represent deviations 
from random mating, and it  is difficult to know their 
evolutionary significance. However, an extreme form of 
sexual selection is polygyny, which occurs in nearly all 
anthropoid apes and is likely in primitive hominids 18. A 
leader of a group with several wives will contribute a far 
greater than average share to the genetic composition of 
the next  generation. Thus reproductive success would be 
closely correlated with genetic superiority, so allowing a 
more rapid rate of evolution than under random mating. 

The density-dependent system where rare genotypes 
are more successful in mating than common ones, ensures 
the maintenance of rare genotypes in the population, and 
so enhances genetic heterogeneity. This is also true for 
positive assortative mating*B and may be true for many 
of the mechanisms discussed. Under certain circumstances, 
these mating systems may lead to balanced polymor- 
phisms without heterozygote advantage. Another example 
of this is the preferential mating recently found in the 
mimetic butterfly, Papilio glaucus so. 

For the density-dependent mating system where raxe 
genotypes are favoured, a consequence in a polymorphic 
situation may be that  the component of the genetic 
load ls,2~ due to rare unfit homozygotes is reduced due to 
their advantage in mating. This may be important  in out- 
breeding species where a great number of polymorphic 
systems seem likely ~*, although it can also be argued that  
only a proportion of polymorphisms are under selection 
in a given environment,  so tha t  most polymorphisms are 
relics of previous selection 2.. In a general sense, mating 

behaviour variations probably enhance genetic hetero- 
geneity without contributing greatly to the genetic load, 
but  this needs further theoretical investigation. 

Studies in the field of behaviour genetics have there- 
fore brought to light numerous variations of the breeding 
system leading to deviations from random mating and 
so affecting rates of evolution. In any organism exhibiting 
variable courtship rituals, deviations from random 
mating may be more common than not for loci involved 
directly or indirectly with mating behaviour 2s. 

RdsumJ. Des experiences portant  sur le comportement  
sexuel chez plusieurs esp~ces, telles que la drosophile et la 
souris nous montrent  que l 'hypoth~se qu'elles s 'accouplent 
par hasard, hypoth~se dont on fait 6tat assez fr~quem- 
ment  dans la g~n~tique des populations, n 'est  valable 
dans cadre des populations naturelles qu 'avec de s~rieuses 
restrictions. 
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Quantitative Changes in the Phosphorus  
Fractions of Transplanted Brain Tumors  

During Complete Ischemic Incubation 

A previous investigation has demonstrated that  a 
variety of human and experimentally induced brain 
tumors, when incubated under conditions of complete 
ischemia, generated lactate in significant excess to tha t  
expected from glucose and glycogen disappearance 1. 
Furthermore,  Pt (inorganic phosphate) was found to 
accumulate in excess of tha t  expected from changes in 
measured phosphorylated metabolites. The fact tha t  the 
increments of Pi were of about  the same magnitude as 
those of the unexplained lactate seemed a possible clue 
to the source of this extra  lactate. Consequently in the 
present study measurements have been made of the 
changes which occur during anaerobic incubation in the 
levels of various phosphorus containing fractions. In most 
cases significant decreases in the levels of acid-soluble 
organic phosphorus and nucleic acid phosphorus were 
observed, with a concomitant increase in Pi. Lipid 
phosphorus and residual phosphorus fractions exhibited 
no significant change during the incubation. 

Experimental. 3 different types of experimentally in- 
duced malignant mouse brain tumors were studied. 
Ependymoblastomas and glioblastomas were transplanted 

in C3H mice, and medulloblastomas in C-57 mice. The 2 
medulloblastomas studied (designated M-l, M-2) were 
composed of uniform small cells with hyperchromatic 
nuclei and indistinct cytoplasm. The 2 glioblastomas (G-l, 
G-2) were extremely cellular tumors with areas of focal 
necrosis, cellular palisading and vascular proliferation. 
Ependymoblastomas (E-l, E-2) were cellular tumors 
containing closely packed epithelial cells. Electron micro- 
graphs of the ependymoblastomas demonstrated promi- 
nent terminal bars, characteristic of tumors of ependymal 
origin. 

Tumors were selected for study 3 weeks after trans- 
plantation, at  which t ime they were about  1 cm in 
diameter. Half  of the tumor  was removed and frozen 
within 2-3 sec of extirpation in Freon-12 (CH,F2) chilled 
to near its freezing point (-- 156°C) by liquid nitrogen. 
The remaining portion of the tumor was resected and 
incubated under mineral oil at  37°C for 4 h, and then 
frozen. Dissected frozen samples, about  20 mg in weight, 
were weighed at -- 20°C and homogenized in 70 #1 of 
3M HC10 i at - 8°C. 330 pl of a 4 m M  E D T A  solution 
was added and homogenization continued at 4°C. 

1 W. M. KIRSCH, Cancer Res. 25, 432 (1965). 


