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INTRODUCTION 
In a previous paper (Weber 1996), results were presented from the first 100 generations of an 
ongoing, exploratory selection experiment on Drosophila melanogaster.  Each generation, in 
each of two populations, 30,000 to 60,000 flies are scored for performance in a wind tunnel, 
and 2000 parents are selected from the strongest fliers.  In the prior report, large gains in wind-
tunnel performance had occurred in the selected lines, with large genetic changes, but 
correlated fitness costs were not demonstrable. Large fitness costs have usually been 
associated with extreme trait gains in experimental selection and in selective breeding. These 
costs have generally been regarded as necessary correlates of major change in selected traits. 
 
Fitness loss during selection has already been investigated in lines with small to moderate 
population sizes (Latter and Robertson 1962; Frankham et al. 1988). However, large 
population sizes have been studied mainly in relation to the effect of population size on 
response rate, not in relation to correlated fitness costs (Frankham et al. 1968; Jones et al. 
1968; Eisen 1975; Weber 1990; Weber and Diggins 1990).  In Weber (1996), the absence of 
apparent fitness tradeoffs in the wind tunnel lines was attributed to the large size of the 
populations, and to the continued action of natural selection. 
 
Large population size enlarges the reservoir of new mutations, and increases the efficiency of 
sorting among potential genotypes. With this multiplication of alternatives, combinations with 
deleterious correlated effects may more often be avoided, or the correlated effects may be 
ameliorated more easily by modifiers. Large size also essentially eliminates the effects of 
inbreeding.  In a large population, the high reproductive potential of D. melanogaster permits 
strong natural selection to continue, along with intense selection for the trait. 
 
MATERIAL AND METHODS 
History of the populations.  All lines originated from a collection of 350 wild females 
captured in rural Massachusetts, USA. This population was split into the two control lines, 
CN1 and CN2.  Each control line gave rise to an associated selection line, AA1 and AA2.  In 
the first phase of the experiment, selection continued for 100 generations, with measurements 
of performance every five generations. The experiment was then relocated between labs, and 
selection continued. In generation 225, standard performance measurements were reinitiated 
every generation.  In generation 230, a relaxed subline was derived from each selected line.  
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Methods of culture, selection and trait measurement.  Flies were cultured in 400 ml bottles, 
on potato flake/yeast medium, with 50 bottles/line and 40 parents/bottle.  Emergent flies were 
held at 12° to prevent mating before selection. Each generation, the top 2000 flies were 
selected from 4 runs of up to 15,000. Performance was measured separately on 2 samples of 
200-1000 flies, from generation 225 to 300. Samples were allowed to fly for 15 min, at 26°, 
and at an input air-flow rate of about 310 l/min, then anesthetized by CO2 for scoring.  
Methods are given in Weber (1996), and the wind tunnel is described in Weber (1988).  The 
measurement protocol and the wind tunnel system have both been modified to increase 
measurement speed and repeatability, yielding somewhat reduced performance scores. 
 
Calculation of air speeds.  Air in the tunnel flows through 40 consecutive compartments, 
connected by holes 4 cm wide. The flow rate decreases by 1/40 from each compartment to the 
next. The performance speed of an individual fly, in cm/sec, is based on the flow rate through 
the entrance hole to the compartment where the fly falls at the end of a run. In calculating air 
speed at each hole, an even flow rate across the diameter is assumed. However, these air 
speeds can actually be higher than the true flying speeds attained by flies, because of 
differential flow in the cross-section of the air stream through each compartment hole.  
 
Measurement of competitive fitness.  The competitive fitnesses of selected and control lines 
were measured by competing each line against the same white-eyed tester stock.  Standard 
cultures, in 72 ml vials on 4 g of potato flake medium, were set up with 150 eggs of the white-
eyed stock and 50 eggs of the respective line to be tested. Vials were kept at 26° and all 
emerging flies were scored for eye color. Thirty vials were scored per line.   
 
Measurement of longevity and fecundity.  The technique used for the longevity assay was 
similar to that described in Rose (1984). In this experiment the same flies were used for the 
fecundity assay and the longevity assay. New emergent males and females were placed in pairs 
on banana food vials. At day 3, pairs were transferred to sucrose charcoal agar with one drop 
of standard yeast solution. Two days later, the pairs were returned to banana food and eggs 
were counted. Upon the death of any fly, a replacement of the same sex was added, so mates 
were present for all flies throughout the assay. Forty pairs were assayed per line.  
 
Measurement of body weights.  Live body weights were measured by culturing samples of 
50 eggs per vial on potato flake medium at 26°. Mature flies were anesthetized, separated by 
sex, and allowed to rehydrate overnight on fresh medium before weighing.  
 
RESULTS AND DISCUSSION 
Figure 1 shows the first 100 generations, as presented in Weber (1996), plus the recent 
population means from generation 225 through generation 300. The populations have evolved 
considerably since the time of last report at generation 100, and still appear to be evolving. In 
this phase, however, their rates of response have slowed greatly compared to the earlier 
reported phase. They may be approaching an asymptotic response rate that would eventually 
arise based on new mutations, as predicted by Hill (1982a, 1982b).  
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Figure 1.  Performance from generation 1-100, and from generation 225-300 
 
At about generation 150 of selection, Dr. Graves carried out measurements of longevity 
(Figure 2) and age-specific fecundity (Figure 3), in selected lines and their controls. These 
basic life history parameters have not been strongly affected by the selection regime, although 
control lines do show a slight advantage in longevity.        

 
Figure 2.  Longevity of selected and control lines, in both sexes, at generation 150 
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Figure 3.  Fecundity of selected and control lines, at generation 150 
 
At about generation 240, we measured body weights in standard cultures with uniform 
densities (Table 1). The body weights of the selected lines have increased significantly in both 
sexes.  The percentage increase is substantially greater in males than in females.    
 
Table 1.  Body Weights in Control and Selected FliesA 

 
                                     Control (mg)            Selected (mg)                Increase (%)   
                                    CN1 females            AA1 females 
                                     1.24 ± 0.13               1.47 ± 0.34         ***        +19 
                                    CN1 males               AA1 males 
                                     0.76 ± 0.06               1.01 ± 0.07         ***        +33 
                                    CN2 females            AA2 females 
                                     1.37 ± 0.11               1.50 ± 0.17         ***        + 9 
                                    CN2 males               AA2 males 
                                     0.80 ± 0.10               1.01 ± 0.09         ***        +26 
AMean live body weights ± SD.  Samples of 100 flies.  *** indicates P < 10-6.  
 
In generation 230, relaxed lines were taken from both selected lines. The relaxed lines were 
cultured and measured every generation in the same way as the selected lines, but without 
selection. The relaxed lines appeared to maintain a nearly constant level of performance, while 
the selected lines appeared to increase their scores very gradually (Figure 4).   
 

Session 19. Selection theory and experiments in farm and laboratory animals Communication N° 19-01 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

 
Figure 4.  Selected and relaxed lines 
 
In generation 330, measurements of competitive fitness were carried out. Each selected and 
control line was tested in high-density cultures set up with 25% eggs of the tested line and 75% 
eggs of a white-eyed tester line. The selected lines actually exceeded the controls in these tests, 
but the differences were not significant.  
 
Table 2.  Competitive fitness tests of selected and control linesA 

 
                      Line                         Mn                          L1                         L2 
                      AA1                       .277                         .253                       .303 
                      CN1                       .276                         .254                       .299 
                      AA2                       .317                         .293                       .341 
                      CN2                       .297                         .277                       .318 
A Means and 95% confidence limits on arcsine-transformed proportions of wild-type flies 
emerging from competition with a marked tester stock.  N=30 vials per line.   
 
Since the last report at generation 100, the selected trait has increased by at least 25%.  At the 
new level of performance, the trait is still stable, showing no tendency to regress due to natural 
selection. The increase in body size is evidently one component of high wind tunnel 
performance. Other observations (Weber, unpublished) show that changes in other 
morphological traits and in behavioral traits are also important. Despite the evidence of large 
genetic changes, several standard fitness traits have been little affected.  
 
CONCLUSION 
Artificial selection on a quantitative trait has achieved a large response and significant genetic 
change, without important fitness costs, in large populations with strong natural selection.       
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