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Deleter ious  Effects of Copulat ion in Drosophila F e m a l e s  as a Funct ion of Growth  T e m p e r a t u r e  of 
Both  S e x e s  
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Summary. I n  Drosophila females,  copu la t ion  a lways  resul t s  in a r educ t i on  of l ongev i ty  b u t  t he  g r a v i t y  of t h e  pheno-  
m e n o n  var ies  accord ing  to  g r o w t h  t e m p e r a t u r e .  The  h a r m f u l  effect  of a d u l t  males,  or aggressiveness,  is m a x i m u m  w h e n  
g r o w t h  t o o k  place a t  a m i d d l e  t e m p e r a t u r e .  F e m a l e  sens i t iv i ty ,  on  t he  o t h e r  h a n d ,  is a t  a m a x i m u m  w h e n  l a rvae  were 
r ea red  a t  ex t reme ,  low or  high,  t e m p e r a t u r e s .  

I t  h a s  b e e n  k n o w n  for a long t i m e  t h a t  l ongev i ty  is al- 
ways  r educed  in m a t e d  Drosophila females  ~-6 while  males  
are r e l a t ive ly  free of such  de le te r ious  effectsL R e c e n t l y  
i t  was  r epo r t ed  s, 9 t h a t  females  g rown a t  low t e m p e r a t u r e  
were h i g h l y  s ens i t i ve  to  copu la t ion  and  t h a t  males  r ea red  
a t  13 ~ were  m u c h  less h a r m f u l  or aggress ive t h a n  25 ~ 
males.  M a t i n g  of sens i t ive  females  w i t h  aggress ive males  
resu l ted  in a spec t acu l a r  decrease  (more t h a n  70%) of 
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Fig. 1. Study of male aggressiveness: variation of the longevity of 
sensitive 13 ~ reared females mated with males grown at different 
temperatures (vertical lines around each point indicate the confidence 
intervals of means; longevity was measured at 25 ~ all values are 
calculated from 100 females). 
O, virgin females; 0,  mated females. 
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Fig. 2. Study of female sensitivity to copulation : variation of female 
longevity with growth temperature when mated to aggressive, 25 ~ 
reared males (other conditions and conventions same as in Figure 1). 
S, virgin females; �9 mated females. 

t he i r  l ongev i ty  while,  usual ly ,  t h e  r educ t i on  of l i fespan 
of m a t e d  femMes as c o m p a r e d  to  v i rg ins  is less t h a n  20%.  

W e  decided to  s t u d y  h o w  these  physio logica l  a d u l t  
t r a i t s  va r i ed  accord ing  to  g r o w t h  t e m p e r a t u r e .  Droso- 
phila were reared,  f rom egg to  a d u l t  emergence,  a t  10 
d i f fe ren t  c o n s t a n t  t e m p e r a t u r e s  f rom 12 ~ to  32~ w h i c h  
are t he  l imi ts  c o m p a t i b l e  w i t h  comple te  d e v e l o p m e n t  1~ 
Two c o m p l e m e n t a r y  e x p e r i m e n t s  were done.  

For  m e a s u r i n g  v a r i a t i o n  in male  aggressiveness ,  sen- 
s i t ive  13~ females  were crossed w i t h  males  g rown 
a t  d i f fe ren t  t e m p e r a t u r e s .  Fo r  m e a s u r i n g  copu la t ion  sen- 
s i t iv i ty ,  females  g rown a t  va r ious  t e m p e r a t u r e s  were 
m a t e d  to  25 ~ males.  I n  all  cases, female  l ongev i ty  was 
m e a s u r e d  a t  25 ~ in g roups  of 10 females  a n d  15 males.  

Resu l t s  for  ma le  aggress iveness  are p r e sen t ed  in Fig- 
ure  1. I n  all cases t he  longev i ty  of m a t e d  females  was 
s ign i f i can t ly  decreased.  B u t  t h e  a m o u n t  of r educ t i on  is 
h i g h l y  d e p e n d e n t  on  ma le  g r o w t h  t e m p e r a t u r e  (female 
l i fespan var ies  f rom more  t h a n  50 days  to  less t h a n  20). 
Male h a r m f u l n e s s  increases  w i t h  g r o w t h  t e m p e r a t u r e  to  
a m a x i m u m  a r o u n d  25 ~ t h e n  fails off above  25 ~ 

D a t a  for female  s ens i t i v i t y  are g iven  in F igure  2. I n  t h i s  
case, ana lys i s  was more  complex  because  t he  l i fespan of 
con t ro l  v i rg in  females  va r i ed  w i t h  t e m p e r a t u r e .  T h e i r  
l ongev i ty  was  m a x i m u m  for 17 ~ growth .  M a t i n g  w i t h  25 o 
males  s h o r t e n e d  t h e  l ives of females  ra ised  a t  all  t e m -  
pe ra tu res ,  b u t  t h e  l ongev i ty  decrease  was  g rea t e r  for  
females  g rown e i the r  a t  low or h i g h  t e m p e r a t u r e .  I n  
F igure  3, female  s ens i t i v i t y  is expressed  as di f ference in 
l i fespan b e t w e e n  v i rg in  and  m a t e d  flies a n d  as re la t ive  
decrease  of l o n g e v i t y  induced  b y  copula t ion .  The  curves  
show t h a t  s ens i t i v i t y  is a t  a m i n i m u m  in 25 ~ rea red  
females.  W h e n  g r o w t h  t e m p e r a t u r e  var ies  f rom 25 ~ 
m a t i n g  s ens i t i v i t y  increases  to  m a x i m a  a t  t h e  t e m p e r a t u r e  
ex t remes .  

I t  is i n t e r e s t i ng  to  imag ine  supe r impos ing  F igure  i on  
F igure  3. The  curves  h a v e  a p p r o x i m a t e l y  t h e  same  fo rm:  
ma le  aggress iveness  a n d  female  res i s t ance  are b o t h  
m a x i m u m  w i t h  25 ~ g rowth .  

V a r i a t i o n s  in  ma le  aggress iveness  a p p e a r  l inked  to  
v a r i a t i o n  in t h e i r  sexua l  or locomotor  a c t i v i t y  n,  1~. I t  is 
more  d i f f icul t  however ,  to  u n d e r s t a n d  w h y  females  are 
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somet imes  quickly  killed by  copulat ion (see discussion 
in ref. 9) and the  new finding t h a t  sens i t iv i ty  is also in- 
creased by  high growth  t empera tu re  fur ther  complicates  
the  in terpreta t ion.  There is some evidence t h a t  sensi t ive 
females are sexual ly  more recept ive  ~2. A recent  observa-  
t ion ~3 t h a t  oogenesis in sensi t ive female is only s l ight ly 
s t imula ted  by  inseminat ion could also provide  a s ta r t ing  
poin t  for fur ther  analysis. 
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Fig. 3. Variation of female sensitivity to copulation with growth 
temperature. 
O, reduction in longevity as compared to virgins; @, relative reduc- 
tion in % of virgin lifespan. 

Behav ior  studies in Drosophila 1~ showed t h a t  usually,  
in strains where males were sexual ly  v e r y  active,  the  
females had a low sexual  r ecep t iv i ty  and reciprocally.  
Our results present  some analogies wi th  such observa-  
tions, a l though the  var ia t ions  are no t  genetic  bu t  epi- 
genetic and ref lect  t i le influence of pre imaginal  environ-  
men t  upon adul t  physiology.  Moreover,  these epigenetic  
effects are much  more ex t reme  than  those obta ined  by  
genetic  factors since we demons t ra te  t h a t  males can be 
indeed harmful  and t h a t  females can even be killed by  
copulat ion s. 

When  bo th  sexes are grown under  the  same t he rma l  
conditions,  ma t ing  p robab ly  does no t  resul t  in v e r y  
harmful  effects because the  physiological  var ia t ions  are 
corre la ted:  when males are the  most  aggressive, females 
have  a m a x i m u m  resistance. I t  is probable  t h a t  the  
reproduc t ive  incompat ib i l i ty  observed when aggressive 
males are ma ted  to sensi t ive females rare ly  occurs under  
na tura l  conditions.  The possible a d a p t a t i v e  significance 
of these var ia t ions  is still  a m a t t e r  of speculation,  a l though 
t h e y  are p robab ly  parameters  of the  individual  fitness 
and could be impor t an t  for insect popula t ion  dynamics .  
A be t te r  knowledge of these var ia t ions  can be useful in 
managing  pest  control  exper iments ,  where l abora to ry  
reared males are released in na tu re  for compet i t ion  wi th  
wild individuals.  
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Ultrastructural Changes of the Luminal Plasma Membrane of the Transitional Epithelium of the 
Rat Urinary Tract in Essential Fatty Acid Deficiency 
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Summary. l~ats fed an essential  f a t t y  acid deficient  diet  (EFAD) showed a s ta t is t ica l ly  signif icant  decrease in the  
thickness and u l t ras t ruc tura l  a s y m m e t r y  of the  luminal  membrane  and cytoplasmic  vesicles of t rans i t ional  epi the l ium 
of the  u r ina ry  t ract ,  due to a marked  th inning  of the  peculiar  th ick  luminal  leaflet. These changes were reversed by  
adding E F A  to the  diet. This indicates t h a t  the  unusual  EM appearance of urothel ial  membrane  depends on its con ten t  
in E F A .  

We  have  been interested in producing in the  ra t  an 
exper imenta l  condi t ion by  a deficient  diet  in cer ta in  
basic nut r ien ts  which should cause changes in cell mem-  
branes, expect ing  t h a t  this  m a y  cont r ibute  to the  under-  
s tanding  of their  role in membrane  organizat ion and 
funct ion.  The most  promizing model  seemed to be the  
s ta te  of deficiency in the  essential  f a t t y  acids: linoleic, 
l inolenic and arachidonic  (EFA)2, since t h e y  are consti-  
tuen ts  of phospholipids and cholesterol  esters, 2 cons tan t  
components  of biological membranes  a. I t  could then  be 
predic ted  t h a t  membrane  changes migh t  appear  when 
ra ts  were depr ived  of E F A .  Fur thermore ,  since the  con- 
dit4on m a y  occur ill man, this could  be of fur ther  clinical 
in teres t  ~. 

We  wish to repor t  t h a t  the  character is t ic  thickness and 
u l t ras t ruc tura l  a s y m m e t r y  of the  uni t  membrane  of the  
luminal  p Iasmalemma and the  cytoplasmic  vesicles of 
t rans i t ional  epi the l ium of the  ure ter  and b ladder  (uro- 
thel ia l  membrane)  was no tab ly  al tered by  feeding rats  
on a diet  which was def ic ient  in essential  f a t t y  acids 
(EFAD).  

In  t h e  normal  animal,  the  membrane  is d is t inc t ly  thick, 
showing an asymmet r i c  uni t  m e m b r a n e  arranged in 
plaque zones which are bound  by  short  segments  of 
th inner  and symmet r i c  membrane .  The  luminal  (outer) 
osmiophilic leaflet  of the  p l a sma lemma and the  luminal  
(inner) one of the  vesicles are about  twice as th ick  as t h e  
leaflet  ad jacen t  to the  cy top lasm (Figure 1). In  these 
laminae or  leaflets, subunits,  which main ly  conta in  
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