
Contrary to this functionalist approach, Gould and Lewontin posited
that some characteristics of organisms are merely side consequences of
structural forces, and not necessarily adaptive. They illustrate their argu-
ment using an architectural analogy. They note that construction of a
dome on rounded arches requires the construction of four spandrels (the
architectural term for spaces left over between structural elements of a

building), which set the “quad-
ripartite symmetry of the dome
above” (582). The spandrels are,
therefore, a necessary side con-
sequence of the structural
demand for a dome on rounded
arches, but serve no function in
themselves. Similarly, the struc-
tural nature of ontogenetic
development of organisms typi-
cally leads to the existence of
nonadaptive structural elements
(spandrels). For example, as
Gould explains in The Structure
of Evolutionary Theory, “snails
that grow by coiling a tube
around an axis must generate a
cylindrical space, called an
umbilicus, along the axis”

(1259). Although a “few species use the open umbilicus as a brooding
chamber to protect their eggs” (1259), the vast majority do not. Evidence
suggests that “umbilical brooders occupy only a few tips on distinct and
late-arising twigs of the cladogram [evolutionary tree of coiling snails],
not a central position near the root of the tree” (1260). Therefore, it
appears clear that the umbilicus did not arise for adaptive reasons,
although it was later co-opted for adaptive utility in a handful of lineages,
but, rather, arose as a nonadaptive spandrel—a side consequence of a
growth process based on coiling a tube around an axis. A key lesson to
be drawn from Gould and Lewontin’s argument, then, is that functional-
ist explanations are not sufficient to capture the plurality of forces oper-
ating in the natural world.

As Lewontin, Levins, and Gould explain, evolution is not an unfold-
ing process with predictable outcomes, but a contingent, wandering
pathway through a material world of constraints and possibilities. In The
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(Left) A pendentive (or three-dimensional spandrel)
formed as a necessarily triangular space where a
round dome meets two rounded arches at right
angles. (Right) “Classical” two-dimensional span-
drels; the necessarily triangular spaces between
rounded arches and the rectangular frame of sur-
rounding walls and ceilings.
Source: Stephen Jay Gould, “Evolution, The
Exaptive Excellence of Spandrels as a Term and Pro-
totype,” Proceedings of the National Acadamy of
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