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ABSTRACT 
T w o  lines of Drosophila melanogaster from the same base population  were  selected in opposite 

directions to produce  simultaneous  antagonistic  changes in two very small (<0.2 mm) and closely 
adjacent (<0.3 mm) dimensions within the base of the wing.  Wing  dimensions near the targeted area 
became  differentiated by large  positive  and  negative  percentage  differences, while only small homo- 
geneous  percentage  changes  occurred in the remainder of the wing. If very small regions  of 
morphology (less than 100 cells across) can respond to selection  almost  independently, even in small 
population  samples, then the control of developmental  detail must involve many genes,  and  the 
diversity of possible  outcomes in development  and  adaptation must be large. 

I NSECT wings undergo complex deformations dur- 
ing  flight, which are passively controlled by the 

locations of  the wing veins. In wings at rest,  the veins 
maintain  a  topography of panels and  corrugations in 
the wing membrane  and  are  often hinged and  rein- 
forced  at various  points, all in such  a way as to suggest 
that  the  deformations  occurring in flight may be  ad- 
vantageous.  Functional  studies of wing morphology 
in diverse  taxa, using high  speed  photography and 
principles of  aerodynamics,  confirm that many  details 
in the way wings pleat,  buckle and warp during flight 
can  be  interpreted provisionally in terms of optimal 
design (NORBERG 1972; NACHTIGALL 1981; BRODSKIY 
and IVANOV 1983; ENNOS 1988; WOOTTON 198 1, 
1990). Indeed, in some  of  these  studies the idea of 
optimality is so pervasive that nearly every feature of 
contour  and venation is automatically referred  to as 
an adaptation,  even  where  authors  disagree or have 
no theory  regarding  the  feature's  function. 

In  a  broad  and  membranaceous  structure such as 
the insect wing, only two cells thick,  a  network of 
stiffening veins has obvious utility. But that every 
detail in such an  irregular  pattern  represents  the 
realization of mechanical perfection via natural selec- 
tion,  just as a cast form  reflects its mold, is an  inter- 
pretation  that  should  attract  the  interest  of  geneticists, 
because of the high density of genetic  information 
this would demand. Some  developmental biologists 
already  favor  the view that morphological  differentia- 
tion may be  controlled by a relatively small number 
of genes (GARC~A-BELLIDO 1983; RAFF and KAUFMAN 
1983), or by a limited number of  developmental out- 
comes (GOODWIN 1984), with much final detail  sup- 
plied automatically by epigenetic mechanisms (HoR- 
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DER 198 1). Thus  one could not, as a rule, change 
small individual parts  autonomously (ALBERCH 1980), 
nor achieve  fine-grained  adaptive  optimization. Yet 
this seems incompatible with the view of  functional 
morphologists, that  natural selection is able  to fashion 
detailed wing morphologies which satisfy strict local 
design requirements  at almost every  point. 

Studies of natural  variation in wing form sometimes 
suggest a  nonfunctional  component. A purely  descrip- 
tive study of wing morphology in several butterfly 
taxa suggested strong developmental  constraints on 
some aspects of form (STRAUSS 1990). A study of wing 
form variation in cicadas (SIMON 1983) found diver- 
gences among isolated broods  that  could  be due  to 
genetic  correlations or  to  drift. A related  observation 
is that mimicry in butterflies  often involves not only 
coloration but also some  convergence in wing outline, 
indicating that  the  outer  contours of the wing may 
not  be  under  the strict  control  of  aerodynamic  re- 
quirements.  But  these are only interpretations  and 
cannot clearly refute  the idea that most details of 
contour  and venation  reflect precise mechanical de- 
mands. 

A key question, then, is whether  the necessary ge- 
netic  potential exists for  dense,  fine-grained,  autono- 
mous and localized adaptive  change all over  the insect 
wing; or whether  the potential  for localized remodel- 
ing is only coarse-grained and  scattered  here  and 
there.  Common sense dictates that  there is some lower 
limit to the size of the smallest morphological  domains 
that can typically be  altered  independently by  mass 
selection. However, very few experiments have ex- 
plored  this lower limit. 

Several selection experiments  have  demonstrated 
localized polygenic effects on specific bristles in Dro- 
sophila (MAYNARD SMITH and SONDHI 1960; REEVE 
1961; SPICKETT 1963); and  other  experiments have 




