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The Relationship between Fitness and Response to Selection in 
.Drosophila melanogaster* 
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Summary. The relationship between the selection response exhibited by a morphological  t ra i t  and the correlated 
response observed on fitness values has been investigated to improve our understanding of micro-and macro-evolu- 
t ionary  processes. The research was designed to test  the va l id i ty  of the "homeosta t ic"  and "metr ic  deviat ion" models 
(Robertson 1956). The results show tha t :  

1) correlated changes in fert i l i ty values are larger when selection for minus-variant  wing length is applied to 
males than  when it is performed on females, 

2) within each of the selected lines, M, F and MF, the reproductive fitness of the populat ions obtained from vg/vg • 
+/vg  crosses differs from tha t  of the populat ions derived from +/vg • vg/vg crosses, 

3) reproductive fitness values of populat ions derived from vg/vg • +/vg  crosses are fairly constant  in selected lines 
obtained by  means of different selective procedures, while mean wing length changes; the corresponding populat ions 
from +/vg • vg/vg crosses show, on the contrary,  a propor t ional i ty  between fitness and selected t ra i t  values. 

The lack of consistency of these results with the current ly accepted hypotheses on the relationship between selection 
response and correlated changes in fitness leads to the conclusion tha t  the two models considered do not  sat isfactori ly 
in terpret  our results; these are bet ter  explained by  a developmental  relationship between fitness and selected trai t .  

Introduct ion  

The  c o m m o n l y  obse rved  decl ine in r e p r o d u c t i v e  
f i tness  co r re l a t ed  wi th  se lect ion for me t r i c  t r a i t s  could  
be the  resul t  of p h e n o t y p i c  and /o r  genet ic  effects.  
Theore t i ca l  p h e n o t y p i c  and  genet ic  mode l s  were 
d iscussed  b y  R o b e r t s o n  (t956) and  L a t t e r  (1960) as 
the  " m e t r i c  dev i a t i on  m o d e l "  and  " h o m e o s t a t i c  
m o d e l " ,  r e spec t ive ly ,  and  b y  Lewon t in  (1964a, b) as 
the  " o p t i m u m  m o d e l "  and  " h e t e r o t i c  mode l " .  Ac-  
cord ing  to  the  me t r i c  d e v i a t i o n  model ,  tt~e decl ine  in 
f i tness  resu l t s  on ly  f rom the  ex t r eme  p h e n o t y p e s  
be ing  in t r i n s i ca l ly  less f i t  and  no t  f rom the i r  unde r -  
ly ing  gene t ic  cons t i tu t ion .  The  " h o m e o s t a t i c  mode l " ,  
de r ived  f rom L e r n e r ' s  (t954) concep t  of gene t ic  
homeos tas i s ,  s t a t e s  t h a t  the  e x t r e m e  p h e n o t y p e s  are  
less f i t  because  t h e y  are  more  homozygo us  t h a n  in te r -  
m e d i a t e  ones : f i tness  decl ines  as a co r r e l a t e d  select ion 
response  due to  inc reased  h o m o z y g o s i t y  a t  loci 
a f fec t ing  the  me t r i c  t r a i t .  E x p e r i m e n t a l  ev idence  of 
the  r e l a t ion  be tween  changes  in f i tness  and  morpho -  
logical  t r a i t s  in the  course of select ion has  been given 
b y  Scossirol i  ( t959),  L a t t e r  and  R o b e r t s o n  (1962), 
She ldon  (1963) and  Verghese  and  N o r d s k o g  (1968): 
t h e y  suggest ,  however ,  t h a t  p r ed i c t i ng  the  ou tcome  
of a se lec t ive  process  is s t i l l  unsa t i s f ac to ry .  P rev ious  
work  p e r f o r m e d  b y  Caviechi  (1970) on our  se lec ted  
l ines in Drosophi la  sugges ted  t h a t  fac tors  o the r  t h a n  
the  genet ic  or p h e n o t y p i c  s t ruc tu r e  of a D.  melano-  
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gaster p o p u l a t i o n  m a y  be respons ib le  for the  de ter -  
m i n a t i o n  of the  r e p roduc t i ve  f i tness  values ,  e. g. the  
sex on which select ion is a c t u a l l y  pe r fo rmed .  Because  
of the  i m p o r t a n c e  of the  r61e of r e p r o d u c t i v e  f i tness  
in u n d e r s t a n d i n g  e v o l u t i o n a r y  processes,  we have  
col lected fu r the r  i n fo rma t ion  on these  topics .  

Materials  and m e t h o d s  

Artificial selection for minus-variant  wing length was 
performed on male or female flies from a Canton strain 
(Drosophila melanogaster). Measurements were made on 
flies maintained heterozygous at  the  vestigial locus (vg, 
2nd chromosome) throughout  the experiment by  crossing 
them with homozygous vestigial  flies, segregating within 
the selection line. 36 flies were selected out of 200 meas- 
ured in each of the following lines : 
Line M - - m i n u s - v a r i a n t  heterozygous males crossed 

with vestigial  females. 
Line F = minus-variant  heterozygous females crossed 

with vestigial  males. 

After these selected lines had reached a pla teau of 
response for the selected trai t ,  M F  and F,V/selection lines 
were s tar ted from the M and F lines respectively, by  
changing the sex of the selected parent :  
Line M F  -- minus-variant  heterozygous females crossed 

with vestigial  males, 
Line F M  = minus-var iant  heterozygous males crossed 

with vestigial  females. 
Atter  12 selection generations two populat ions were 

derived from the M F  and F M  lines, again changing the 
sex of the selected parent :  the two selection lines were M" 
and F',  from M F  and F M  respectively. 

Fer t i l i ty  was est imated as the percentage of flies hatch-  
ed out of the to ta l  number of eggs observed at  each 
selection generation in M and F lines. Reproduct ive 
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fitness was est imated as the number of adul t  flies ori- 
ginating from a single inseminated female in a period of 
six days (3rd to 9th after eclosion); in each selected line 
two types of crosses were involved, 
a) Cross I --  vg/vg female • +/vg male and 
b) Cross 2 = +/vg female • vg/vg male r 
using vestigial and heterozygous flies segregating within 
the same population,  l~epl. 1 

R e s u l t s  

The fe r t i l i t y  va lues  col lected a t  each select ion Repl. 2 
gene ra t ion  are given in Fig.  I as  pe rcen tage  of flies on 
the  t o t a l  n u m b e r  of eggs observed.  Bo th  the  select ion . . . . . . . . . .  
response for wing length  and  the  f e r t i l i t y  co r re l a t ed  * = P < o.ol 
response  were m a r k e d l y  d i f ferent  in the  M select ion 
(where select ion was app l i ed  to he te rozygous  males) 
c o m p a r e d  wi th  the  F l ines (he te rozygous  females  
selected) .  

The  r e l a t ionsh ip  be tween  mean  wing length  and  
f e r t i l i t y  va lues  was e s t i m a t e d  b y  means  of the  cor- 
re la t ion  and  regression coeff icients  r epo r t ed  in t ab le  t .  
The high va lues  of the  cor re la t ion  coeff icients  ob t a in -  
ed suggest  a good cor re la t ion  be tween  the  two var i -  
ables  on the  hypo thes i s  of a l inear  r e l a t ionsh ip ;  the  
regression coefficient  in select ion F is s ign i f i can t ly  
smal le r  t h a n  in select ion M,  which ind ica tes  t h a t ,  
for an equal  a m o u n t  of response in wing length,  there  
is a g rea te r  decrease  in f e r t i l i t y  when select ion is 
pe r fo rmed  on males  t h a n  on females .  
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Fig. I. Fertility and wing length values at each selection ge- 
neration in lines 2W (selection applied on males) and F (females 

selected) 

Table t. Correlation coefficients "r" and regression coef- 
ficients "b" between ferlility and mean wing length at 
different selection generations. "t" values refer to the com- 

parison between b's from M and F seleclion lines 

b "t" 

M 0.671 * 82.66* 
3.24* 

F 0.847* 47.21 * 

M 0.774* 63.61 * 
2.57* 

F 0.843* 4 t . t 7"  

A compar i son  of the  r e p roduc t i ve  f i tness  (average 
n u m b e r  of flies p roduced  b y  a single m a t i n g  per  d a y  
over  the  pe r iod  be tween  the  t h i rd  and  the  n in th  d a y  
a f te r  eclosion) was made  on four popu la t ions  hav ing  
d i f ferent  select ion backgrounds .  The  va lues  given in 
t ab le  2 suggest  t h a t  crosses of t y p e  I (vest igial  
female • he t e rozygous  male) in d i f ferent  select ion 
l ines have  s imi lar  r e p roduc t i ve  f i tness  values ,  while 
crosses of t y p e  2 (he te rozygous  females  b y  ves t ig ia l  
males) differ  accord ing  to  the  popu l a t i on  cons idered ;  
moreover ,  crosses t and  2 wi th in  each select ion line 
show a s igni f icant  difference in f i tness  in l ines M,  F 
and  M F ,  which does not  co r respond  to differences in 
wing length,  as i t  is sugges ted  b y  the  obse rva t ion  of 
the  mean  wing l eng th  va lues  in the  las t  co lumn of the  
same tab le  2. 

Table 2. Reproductive filness values in the selected lines 
studied together with the corresponding mean wing length. 
't' values refer to the comparison between 1 and 2 crosses 

within each selection line 

Selection Mean wing 
line Cross Fitness 'T '  length 

M t 18.9:t:1.79 9.41" 4.75-t-0.011 
2 49.4-t-2.68 4.74-t-0.011 

F I 18.34-1.83 3.97* 3 .76!0 .020 
2 30.4:t:2.43 3.78+0.019 

MF 1 19.8-{-2.28 2.97* 4.484-0.011 
2 30.6+2.87 4.47+0.010 

M" 1 18.64-1.87 4.694-0.015 
FM t 23.94-t.94 0.45 3.374-o.008 

2 22.94-1.57 3.394-O.0O9 
F '  2 29.14-2.02 3.774-0.019 

* = P <  o . o l  

A compar i son  of mean  wing length  and  f i tness  
va lues  also suggests  t h a t  there  is a rough  p r o p o r t i o n a l  
i t y  be tween  the  two cha rac t e r s  in crosses of t y p e  2 
in the  d i f ferent  select ion l ines considered,  b u t  the  
same does no t  hold  t rue  for the  resul t s  o b t a i n e d  f rom 
crosses of t y p e  1. These  obse rva t ions  are  even more  
s igni f icant  when cons ider ing  the  resul ts  o b t a i n e d  
f rom the  F '  and  M'  se lec ted lines, which were de r ived  
f rom F M  and  M F ,  r e spec t ive ly :  in fact ,  when selec- 
t ion for wing length  is con t inued ,  there  is an increase  
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of the mean wing length and an increase in fitness 
value for F ,  while for M '  no significant change is 
observed. 

Discussion 

Reproduct ive fitness is an impor tant  parameter  for 
a correct evaluation of micro- and macro-evolution, 
because phenotypic changes have different evolu- 
t ionary values according to their reproductive fitness. 
I t  is a common observation in selection experiments  
tha t  a change in fitness values occurs parallel to the 
response in the selected metric character.  A major  
difficulty in understanding this relationship has been 
its non-linear manifestat ion;  in particular,  it seems 
difficult to reconcile the correlated additive effects of 
selection on fitness and their reversibility. A more 
general problem is the contrast  between the continu- 
ous effect of selection on evolut ionary processes and 
the need for a high level of fitness to pay  for the cost 
of selection. I t  is our opinion tha t  the homeostat ic 
model and the metric deviation model are not suffi- 
ciently comprehensive to account for all the available 
observations and tha t  a different model is needed 
based on a more flexible relationship between the 
morphology of an organism and its evolut ionary 
value. 

Our results suggest tha t  different values of re- 
productive fitness show a certain amount  of inde- 
pendence from the genetic s tructure of the organisms 
involved, and provide evidence tha t  individuals with 
similar genetic s tructure m a y  have very  different 
fitness values. On the other hand, the same experi- 
menta l  work points out tha t  different phenotypic and 
genetic values do not result in different reproductive 
fitness values. 

Our hypothesis  is tha t  fitness is largely controlled 
by  the developmental  processes underlying the 
manifestat ion of a given phenotype.  Two points are 
especially relevant  in our results: 

1) ferti l i ty under artificial selection for minus- 
var iant  wing length decreases at  different rates in M 
and F selection lines, and 

2) the reproductive fitness values in different selec- 
tion lines are similar when crosses of type  I (between 
vestigial females and heterozygous males) are consid- 
ered, while there is a rough proport ional i ty  between 
the mean value of the selected trait  and the re- 
product ive fitness in crosses of type 2 when these 
trai ts  are measured in progenies from plateaued 
selected populat ions obtained by  crossing hetero- 
zygous females with vestigial males. 

These results are clearly inconsistent with both the 
homeostat ic  and the metric deviation models; in fact, 
the differences in the rate  of fitness decrease, obtained 
as correlated responses of the same selection proce- 
dures applied to the different sexes, suggest tha t  the 
same quant i ty  of morphological change has different 

meanings when obtained by  selecting males ra ther  
than females. Therefore, it is assumed tha t  from the 
same population more than a s imple.correlated re- 
sponse is to be expected; this is supported by  the 
reproductive fitness values observed in crosses be- 
tween different phenotypes in the same popula- 
tion. The influence of different selections is mani- 
fested only in the populations obtained from the 
crosses of type 2 (+/vg • vg/vg). Reciprocal crosses 
(vestigial females by  heterozygous males) seem to be 
unaffected by  selection suggesting tha t  the correlated 
response on fitness, observed in crosses of type 2, 
is neither a t t r ibutable  to additive (genetic or non- 
genetic) factors nor to any type of interaction between 
additive and environmental  factors, because crosses 1 
and 2 should be identical in their additive s tructure 
when considered within the same selection line. 

Palenzona, Vanelli and Rocchet ta  (1971, in press) 
suggest tha t  the differences in selection response on 
wing length, observed by selecting males or females, 
seem to be due to different rearrangements  of the 
developmental  pa t terns  responsible for the changes 
in the manifestat ion of the selected t rai t  consequent 
to the selection applied; these authors also suggest 
tha t  the developmental  pa t te rn  of the selected t rai t  
could be specifically modified in its ent i re ty  only 
when selection is performed on heterozygous females. 

Using this hypothesis  in the analysis of wing length 
response, we would expect tha t  fitness values would 
decrease in cross 2 (heterozygous females crossed with 
vestigial males) according to the following order: 
M, M F ,  F, FM.  The fitness value in the F '  selection 
(derived from F M  line by  changing the selected 
parent) would be expected to revert  to the value 
observed in the F population. 

The observed results agree with these expectations,  
suggesting tha t  the model proposed by  Palenzona, 
Vanelli, and Rocchet ta  (197t) to explain the results 
of selection on wing length m a y  be extended to 
explain the correlated response on reproductive 
fitness. 

The hypothesis  of a relationship between reproduc- 
t ive fitness and rearrangements  of the developmental  
pa t te rn  of the selected trai t  is of interest  because it 
offers the possibility of linking, on the same theoret-  
ical background,  ontogenesis and evolution, while 
explaining all the observed results which are not 
satisfactorily explained by  current ly accepted models. 
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