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D. ]unebris, on ly  a b o u t  1% of t h e  flies showed  a n  in-  
c reased  n u m b e r  of scu te l la r  b r i s t l es  a n d  i r regular i t i es  of 
t h e  a b d o m i n a l  s tr ipes,  whereas  in con t ro l  cu l tu res  for 
o t h e r  species, t he  pe rcen t age  of af fected flies was  sti l l  
smal ler .  W i n g  a n d  ve in  anomal ie s  were n e v e r  obse rved .  

T h e  p r e s e n t  s imple  e x p e r i m e n t  p rov ides  f u r t h e r  evi-  
dence  of t he  d i f fe ren t ia l  effect  of t he  chemica l  c o m p o u n d s  
( t hymid ine )  in  o rgan i sms  (di f ferent  species of t h e  genus  
Drosophila) w i t h  d i f fe ren t  gene t ica l  cons t i t u t i ons .  The  
n e g a t i v e  effect  in  D. subobscura a n d  Megaselia scalaris 
m a y  be  due  to  e i the r  (a) t h y m i d i n e  no t  be ing  t a k e n  up  a t  
all  or  (b) if t a k e n  up,  ac t ing  as a n o r m a l  c o n s t i t u e n t .  
A u t o r a d i o g r a p h i c  s tud ies  are needed  to decide  va r ious  
p o i n t s  2. 

Zusammen[assung. Der  A u t o r  h a t  bere i t s  f r f iher  t iber  
den  t e r a t o g e n e n  Ef fek t  von  T h y m i d i n  bei D. rnelanogaster 
be r i ch t e t .  Die vor l iegende  Arbe i t  be fass t  s ich m i t  dem-  
se lben  Ph~Lnomen bei a n d e r e n  Drosophila-Arten u n d  
Megaselia scalaris (Phoridae) .  WAhrend  der  t e r a t o g e n e  

Ef fek t  bei  D. simulans, D. mercatorum u n d  D. [unebris 
der  gleiche wie bei D. melanogaster ist, t r i t t  bei  D. subob- 
scura a n d  Megaselia scalaris keine  t e r a t o g e n e  W i r k u n g  
auf. Die fiir die g e n a n n t e n  A r t e n  v e r w e n d e t e  T h y m i d i n -  
k o n z e n t r a t i o n  erweis t  s ich ftir D. hydei als s t a r k  t ox i sch  
u n d  v e r h i n d e r t  die V e r p u p p u n g  v o l l k o m m e n .  Das  E r -  
gebn i s  zeigt,  dass  v e r s c h i e d e n e  gene t i s che  S y s t e m e  seh r  
un t e r s ch i ed l i ch  au f  e in  u n d  dieselbe  c h e m i s c h e  S u b s t a n z  
reag ie ren  k6nnen .  
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P o l y m o r p h i s m  in  N a t u r a l  P o p u l a t i o n s  of  Drosophila for  t h e  A b i l i t y  to  W i t h s t a n d  T e m p e r a t u r e  
S h o c k s  

Single  i n s e m i n a t e d  founder  females  of Drosophila 
raelanogaster der ived  f rom t h e  same  p o p u l a t i o n  h a v e  b e e n  
s h o w n  to  lead to  s t r a ins  which  differ  gene t i ca l ly  for  
severa l  q u a n t i t a t i v e  t ra i ts .  Three  are  morpho log ica l  
( scute l la r  a n d  s t e rnop leura l  c h a e t a  number s ,  a n d  egg 
leng th)  a n d  2 are behav i ou r a t  (ma t ing  speed a n d  d u r a t i o n  
of copu la t ion)  a-3. I t  is l ikely t h a t  the  differences b e t w e e n  
t he  s t r a i n s  are  genet ic  in  origin,  ar is ing f rom genet ic  
d i f ferences  be tween  t h e  founde r  females. Th i s  is d i r ec t  
ev idence  t h a t  t h e  wild popu l a t i ons  are  p o l y m o r p h i c  for  
genes  (or polygenes)  con t ro l l ing  these  t ra i ts* .  E v e n  t h o u g h  
i t  h a s  b e e n  a rgued  for  m a n y  years5 t h a t  p o l y m o r p h i s m  for  
po lygenes  is expec ted  in ou t b r eed i ng  species, these  resu l t s  
fo rm i ts  m o s t  genera l  d e m o n s t r a t i o n  so far. T he  poly-  
m o r p h i s m  for scute l lar  c h a e t a  n u m b e r  has  been  explo i ted  
b y  HOSGOOD, MACBEAN a n d  PARSONS 6,7, who  found  t h a t  
w h e n  d i r ec t iona l  select ion for h igh  c h a e t a  n u m b e r  was 
b a s e d  on  those  s t r a in s  which  h a d  a h igh  scu te l t a r  c h a e t a  
n u m b e r ,  e x t r e m e l y  rap id  responses  were ob ta ined .  

I n  t h i s  p a p e r  we e x t e n d  our  obs e r va t i ons  to  a more  
phys io logica l  t ra i t ,  n a m e l y  t he  effect of a h igh  t e m p e r a -  
t u r e  shock  (33.5°C for 24 h on  flies 7 days  of age) on  
s u r v i v a l  a t  7 days  a f t e r  the  comple t ion  of t he  shock.  
T h r e e  s t r a i n s  wh ich  h a v e  been  scored for t he  o t h e r  t r a i t s  
m e n t i o n e d  above ,  a n d  which  were der ived  f rom single 
i n s e m i n a t e d  females  col lected a t  Leslie Manor ,  Vic tor ia  
in  D e c e m b e r  1964 were used.  Tes t ing  was car r ied  o u t  a t  
t h e  7th,  18th,  30 th  a n d  40 th  genera t ions  in  t he  l a b o r a t o r y  
b y  expos ing  2 repl ica tes  of 25 flies of each  sex to  t he  
t e m p e r a t u r e  shock.  Two f u r t he r  repl ica tes  were k e p t  a t  
25 °C c o n t i n u o u s l y  for controls .  Flies were cu l tu red  and  
s to red  as v i rg ins  on  s t a n d a r d  m e d i u m  seeded w i th  yeas t  
a t  25 °C for  t h e  7 days  pr ior  to  the  t e m p e r a t u r e  shock,  
a n d  r e t u r n e d  to  25 °C a f t e r  t h e  shock.  P e r c e n t a g e  mor ta l i -  
t ies  a t  7 d a y s  a f t e r  t h e  shock  were ca lcula ted .  

M e a n  p e r c e n t a g e  mor ta l i t i e s  of con t ro l  a n d  t e m p e r a t u r e  
shocked  males  a n d  females  are g iven  in Tab le  I, a n d  a n  
ana lys i s  of va r i ance  of the  d a t a  in  Tab le  I I .  I n  b o t h  sexes 

Table I. Percentage mortality of control and temperature shocked 
flies at 7 days after the shock 

Control Temperature shocked 

Strain 1 2 3 1 2 3 

Generation 7 ? 8 4 2 4 8 2 
2 14 2 2 10 12 

18 ~ 0 0 4 4 0 10 
10 4 0 4 16 8 

30 ~ 4 6 4 6 20 30 
d' 12 2 2 14 20 26 

40 ~ 4 4 2 50 76 2 
4 4 8 42 98 12 

Mean 2 4.0 3.5 3.0 16.0 26.0 11.0 
7,0 6,0 3.0 15.5 36.0 14.5 

Each entry is the mean of 2 replicates of 25 flies. 
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the  t e m p e r a t u r e  shock increased pe rcen tage  m o r t a l i t y  
c o m p a r e d  wi th  t he  controls ,  and  th is  di t ference was 
s igni f icant  ( P  < 0.001). There  was  no s igni f icant  differ-  
ence in  m o r t a l i t y  b e t ween  sexes, b u t  m o r t a l i t y  d i f fered 
s igni f icant ly  be tween  s t ra ins  ( P  < 0.001) a n d  genera t ions  
( P  < 0.001). I n t e r a c t i o n s  involv ing  t e m p e r a t u r e  shock,  
s t ra ins ,  a n d  genera t ions  were  all s ignif icant ,  b u t  all in te r -  
ac t ions  involv ing  sexes were  non-s igni f icant .  Because  
there  were no s ignif icant  dif ferences  be tween  sexes,  t he  
d a t a  for males  and  females  were  pooled,  and  fu r the r  
analyses  of var iance  carr ied ou t  sepa ra te ly  on the  contro l  
and  t e m p e r a t u r e  shocked  flies (Table I I I ) .  Fo r  t he  contro l  
da ta ,  the re  were  no s ignif icant  dif ferences  be tween  strains,  
genera t ions  or the  s t r a i n s ×  genera t ions  in te rac t ion ,  
whereas  all these  c o m p o n e n t s  were  s igni f icant  for the  
t e m p e r a t u r e  shocked  flies ( P  < 0.001). Since t h e  mor ta l i -  
t ies  in  t h e  cont ro ls  were  s imilar  in  all s t ra ins  and  genera-  
t ions,  t he  s igni f icant  dif ferences  for  t h e  shocked  flies 
ind ica te  real  d i f ferences  be tween  s t ra ins  and  genera t ions .  
However ,  i t  is fel t  t h a t  more  we igh t  should  be p laced  on 
the  s t ra in  dif ferences  t h a n  on the  genera t ion  differences,  
because  of the  poss ibi l i ty  of gross effects  be tween  genera-  

Table II. Analysis of variance of the percentage mortalities (after 
applying the angular transformation) 

Sources of Degrees of Mean 
variation freedom square 

Variance 
ratio 

Temperature shock (T) 1 4836.8 72.52 b 
Sex (S) 1 203.2 3.05 
Strain (St) 2 631.6 9.47 b 
Generation (G) 3 1402.7 21.03 u 
T x S 1 135.9 2.04 
T x St 2 351.8 5.28 a 
T x G 3 1178.2 17.66 b 
S x St 2 100.3 1.50 
S × G 3 77.4 1.16 
St x G 6 454.3 6.81 b 
T × S x St 2 68.6 1.03 
T x S x G 3 14.0 0.21 
T x St × G 6 573.9 8.60 b 
S × St x G 6 144.2 2.16 
Error 54 66.7 

a p < 0.01,  b P <: 0 .001.  

Table III. Analysis of variance of the percentage mortalities of 
control and temperature shocked flies separately (after applying the 
angular transformation) 

Source of Degrees Control Temperature shocked 
variation of 

freedom Mean Variance Mean Variance 
square ratio square ratio 

t ions  due  to  minor  changes  in mic roenv i ronmen t ,  e.g. 
minor  t e m p e r a t u r e  f luc tua t ions  in t he  i ncuba to r  which  
had  a range of + 0.5°C, a l t hough  as t he  e x p e r i m e n t s  
e x t e n d e d  over  40 genera t ions  i t  is possible  t h a t  some 
genet ic  changes  wh ich  inf luenced t e m p e r a t u r e  sens i t iv i ty  
occur red  in t he  l abora to ry .  

Therefore ,  in a g r e e m e n t  w i th  t h e  var ious  o t h e r  t r a i t s  
ci ted,  t he  3 s t ra ins  t e s t ed  have  d i f fe ren t  mor ta l i t i e s  
fol lowing a h igh  t e m p e r a t u r e  shock. There  is ev idence  in 
t he  l i t e ra ture  for t e m p e r a t u r e  sensi t ive  s t ra ins ,  b o t h  in 
Drosophila 8 and  in o the r  speciesg, 1°. I t  seems as if each 
s t ra in  received ce r ta in  genes  (or polygenes)  b y  chance  and  
is a lmos t  comple te ly  unab le  to  change  t h e m ,  so t h a t  t he  
base  popu la t ion  m u s t  be po lymorph ic  for genes contro l l ing  
the  ab i l i ty  to  w i t h s t a n d  a h igh  t e m p e r a t u r e  shock. No 
differences  in mor t a l i t y  occur red  b e t w e e n  s t ra ins  in t he  
controls ,  a l t hough  di f ferences  m i g h t  well h a v e  appeared ,  
h a d  d e a t h s  been  scored over  a longer  period.  This  para l le ls  
some d a t a  of PARSONS 11 on longev i ty  in D. melanogaster. 
Li t t le  di f ference was  found  b e t w e e n  a series of h y b r i d s  
der ived  f rom some inbred  s t ra ins  a t  t he  op t ima l  t e m p e r a -  
tu re  of 25°C, b u t  a t  t he  more  e x t r e m e  t e m p e r a t u r e  of 
29.5 °C, the re  was  more  var iab i l i ty  of a geno typ ic  na ture ,  
p e r h a p s  because  the  a d a p t a t i o n  to  th is  r a t h e r  unfavour -  
able e n v i r o n m e n t  d e p e n d s  on r a t h e r  special  gene combi-  
na t ions .  

T e m p e r a t u r e s  of 33.5°C would  no t  be u n c o m m o n  for 
sho r t  per iods  of t ime  a t  Leslie Manor ,  Victoria ,  which  is 
t h e  loca l i ty  of origin of t he  3 s t ra ins  u n d e r  tes t .  I t  is 
t he re fo re  reasonab le  t h a t  we should  f ind ev idence  for  some 
genet ic  cont ro l  of t h e  abi l i ty  to  w i t h s t a n d  h igh  t e m p e r a -  
tures .  I t  is unl ikely t h a t  genes  confer r ing  res i s tance  to  
h igh  t e m p e r a t u r e  would  become  fixed in t he  popula t ion ,  
because  n a t u r a l  select ion would  no t  f avour  t hem,  excep t  
a t  l imi ted  t imes  dur ing  the  year .  However ,  because  of t he  
po lymorph i sm,  such  genes would  p r e s u m a b l y  be able to  
v a r y  in f r equency  rap id ly  a t  app rop r i a t e  t imes  and  enable  
a d a p t a t i o n  to  e n v i r o n m e n t a l  changes  as t h e y  occur.  
F u r t h e r m o r e ,  a po lymorph ic  s y s t e m  of polygenes  m a y  
allow coloniza t ion  of new hab i t a t s ,  where  t e m p e r a t u r e  
r e q u i r e m e n t s  m a y  differ  somewha t .  

Rdsumd. Chaque  femelle  Drosophila melanogaster sau- 
vage,  ins6min6e, isol6e de son milieu nature l ,  a donn6 des 
descendances  qui p r6sen ta i en t  des  diff6rences g6n6tiques 
c o n c e r n a n t  leur capaci t6  A suppor t e r  le choc p rovoqu6  
pa r  de h a u t e s  t emp6ra tu res .  On p e u t  donc  6me t t r e  
l ' hypo th~se  que  la popu la t ion  originelle de ces femelles 
est  p o l y m o r p h i q u e  q u a n t  aux  g~nes contr61ant  ce t t e  
ap t i tude .  
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Strains 2 21.4 0.65 420.6 14.15 a 
Generations 3 28.6 0.87 1093.7 36.79 a 
Strains x 6 47.5 1.44 388.4 13.06 a 
generations 
Error 12 32.9 29.7 

a p < 0.001.  
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