
speciation and the environmental and biotic conditions that may account for

successions of morphological change in some but not other lineages.

Distinctive macroevolutionary theories and models have been advanced

concerning such issues as rates of morphological evolution, patterns of species

extinctions, and historical factors regulating taxonomic diversity. The decision as

to which one among alternative hypotheses is correct cannot be reached by

recourse to microevolutionary principles. Such a decision must rather be based on

appropriate tests with the use of macroevolutionary evidence. Thus, macroevolu-

tion is an autonomous field of evolutionary study and macroevolution is

decoupled from microevolution in this epistemologically very important sense.

The preceding statements do not imply, however, that macroevolutionary

studies cannot be incorporated into the synthetic theory of evolution. Quite to the

contrary, the modern theory of evolution is called ‘‘synthetic’’ because it

incorporates knowledge from diverse autonomous disciplines, such as genetics,

ecology, systematics, and paleontology. The empirical and conceptual discoveries

of modern paleontology contribute to the growth of evolutionary theory, much

like new branches and incremental growth enlarge and luxuriate a tree; or like the

baroque period additions to its Gothic fabric enrich Milan’s Duomo, even if at some

expense of congruity and simplicity.

Moreover, like the tree’s new growth or the cathedral’s late ornamentations, the

theoretical accretions of Gould’s and others gain full cogency only as components

of the full, preexisting structure. Population level phenomena are fundamental to

long-term evolution, because the populations in which macroevolutionary

patterns are observed are the same populations that evolve at the microevolu-

tionary level. Moreover, the study of microevolutionary phenomena is important

to macroevolution, because any theory of macroevolution that is correct must be

compatible with well-established microevolutionary principles and theories. In

these two senses—identity at the level of events and compatibility of theories—

macroevolution cannot be decoupled from microevolution.21

Endnotes

1 Gould’s language is combative in the extreme. He speaks of ‘‘pre-emptive strike’’ (p. 31)
against his enemies, their ‘‘destruction’’ (p. 33), their ‘‘jealousy’’ (p. 1021) and how
ultimately ‘‘we won’’ (p. 1022). Depressingly frequent throughout the book are such
words as ‘‘battle,’’ ‘‘conflict,’’ ‘‘retreat,’’ ‘‘victory,’’ and the like.

2 Gould requested from the publisher, the Belknap Press of Harvard University, that his
manuscript for The Structure not be copy-edited at all, an unfortunate request to which
unfortunately the publisher agreed. Gould’s rich language and elegant metaphors are
marred by redundancy, long elaboration, and repetition. The metaphor of a tree with
three branches is redundant with that of a coral with three branches, reproduced from a
1670 engraving, and with that of a tripod supported by its three legs. These three
metaphors are repeated and elaborated at length. The 1670 coral engraving is
reproduced at nearly full-page size twice, identically on pages 18 and 97. Milan’s
Duomo, introduced as an architectural structure that acquired ornamental and other
features centuries after it was built, serves as a metaphor for later elaborations of the
fundamental Darwinian logic. The first time this metaphor appears is belabored over
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five pages (pp. 2 – 6) and illustrated with two photographs of the cathedral. These two
photos, the duplicated coral engraving, plus another 1670 engraving representing two
human figures with shells, are the only illustrations for the first 182 pages of the book.
The following two paragraphs may serve as examples of Gould’s literary style, its
eloquence and prolixity:
‘‘The specific form of the image—its central metaphorical content, if you will—plays an
important role in channeling or misdirecting our thoughts, and therefore also requires
careful consideration. In the text of this book, I speak most often of a ‘tripod’ since
central Darwinian logic embodies three major propositions that I have always visualized
as supports—perhaps because I have never been utterly confident about this entire
project, and I needed some pictorial encouragement to keep me going for twenty years.
(And I much prefer tripods, which can hold up elegant objects, to buttresses, which may
fly as they preserve great Gothic buildings, but which more often shore up crumbling
edifices. Moreover, the image of a tripod suits my major claim particularly well—for I
have argued, just above, that we should define the ‘essence’ of a theory by an absolutely
minimal set of truly necessary propositions. No structure, either of human building or of
abstract form, captures this principle better than a tripod, based on its absolute
minimum of three points for fully stable support in the dimensional world of our
physical experience.)’’ (p. 15).
‘‘Galton’s Polyhedron, the metaphor and model devised by Darwin’s brilliant and
eccentric cousin Francis Galton, and then fruitfully used by many evolutionary critics of
Darwinism, including St George Mivart, W. K. Brooks, Hugo de Vries, and Richard
Goldschmidt, clearly expresses the two great, and both logically and historically
conjoined, themes of formalist (or structuralist, or internalist, in other terminologies)
challenges to functionalist (or adaptationist, or externalist) theories in the Darwinian
tradition. This model of evolution by facet-flipping to limited possibilities of adjacent
planes in inherited structure stresses the two themes—channels set by internal
constraint, and evolutionary transition by discontinuous saltation—that structuralist
alternatives tend to embrace and that pure Darwinism must combat as challenges to
basic components of its essential logic (for channels direct the pathways of evolutionary
change from the inside, albeit in potentially positive and adaptive ways, even though
some external force, like natural selection, may be required as an initiating impulse;
whereas saltational change violates the Darwinian requirement for selection’s creativity
by vesting the scope and direction of change in the nature and magnitude of internal
jumps, and not in sequences of adaptive accumulation mediated by natural selection at
each step.’’ (p. 66).

3 S. J. Gould, ‘‘Is a new general theory of evolution emerging?,’’ Paleobiology 6 (1980):
119 – 130.

4 J. S. Levinton and C. M. Simon, ‘‘A critique of the punctuated equilibria model and
implications for the detection of speciation in the fossil record,’’ Systematic Zoology 29
(1980): 130 – 142. G. L. Stebbins and F. J. Ayala, ‘‘Is a new evolutionary synthesis
necessary?,’’ Science 213 (1981): 967 – 971. B. Charlesworth, R. Lande and M. Slatkin, ‘‘A
new-Darwinian commentary on macroevolution,’’ Evolution 36 (1982): 464 – 498.

5 S. J. Gould, ‘‘The meaning of punctuated equilibrium and its role in validating a
hierarchical approach to macroevolution,’’ Perspectives in Evolution, ed. R. Milkman
(Sunderland, Mass.: Sinauer, 1982).

6 S. J. Gould, ‘‘Darwinism and the expansion of evolutionary theory,’’ Science 216 (1982):
380 – 387.

7 See, for example, Th. Dobzhansky, F. J. Ayala, G. L. Stebbins and J. W. Valentine,
Evolution (San Francisco: W.H. Freeman & Co., 1977).

8 N. Eldredge, ‘‘The allopatric model and phylogeny in Paleozoic invertebrates,’’
Evolution 25 (1971): 156 – 167. N. Eldredge and S. J. Gould, ‘‘Punctuated equilibria: an
alternative to phyletic gradualism,’’ Models in Paleobiology, ed. T. J. M. Schopf (Freeman,
Cooper, Co., 1972): 82 – 115.
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9 The quotation given by Gould is from F. J. Ayala, ‘‘Microevolution and macroevolu-
tion,’’ Evolution From Molecules to Men, ed. D. S. Bendall (Cambridge: Cambridge
University Press, 1983): 396 – 397. In order to avoid misunderstanding, I will summarize
here issues that I have discussed at some length in the paper just cited and elsewhere.
Macroevolution and microevolution are not decoupled in two senses: identity at the
level of events and compatibility of theories. First, the populations in which
macroevolutionary patterns are observed are the same populations that evolve at the
microevolutionary level. Second, macroevolutionary phenomena can be accounted for
as the result of known microevolutionary processes. That is, the theory of punctuated
equilibrium (as well as the theory of phyletic gradualism) is consistent with the theory of
population genetics. Indeed, any theory of macroevolution that is correct must be
compatible with the theory of population genetics, to the extent that this is a well
established theory. The decoupling discussed in the quotation cited here by Gould, as
well as later in this essay (sections 7 and 8), concerns epistemology: the logical
autonomy of theories.
I will explain, if I may, the distinctions that I have just made in this note (and elsewhere),
by means of a culinary analogy from our everyday experience. Consider my favorite
Spanish cold soup, gazpacho, made of tomatoes, peppers, cucumbers, celery, carrots,
garlic and other pureed vegetables mixed with oil, vinegar, a dash of lemon, and so
forth. No sensible person would argue that gazpacho is made of anything else other
than these ingredients (read ‘‘identity at the level of events’’ in the previous paragraph)
or that the flavors of gazpacho come from anything other than its components (read
‘‘macroevolutionary phenomena can be accounted for as the result of known
microevolutionary processes’’). An additional question is whether we can predict the
gazpacho’s magic flavors from what we know about the flavors of its components. I do
not think so. But be that as it may, my point here is to distinguish the different issues at
stake when speaking about the ‘‘decoupling’’ of macroevolution from microevolution.
Gould at times conflates the issues and asserts autonomy with respect to the identity of
events (physicality) or to the processes involved (causality), which is a mistake. To
reiterate the point: it is the theories of macroevolution that are autonomous with respect
to the theories of microevolution. However, this is an important point to make and the
one that really matters to Gould.

10 See, for example, E. Mayr, Animal Species and Evolution (Cambridge, Mass: Harvard
University Press, 1963) and Th. Dobzhansky, F. J. Ayala, G. L. Stebbins and J. W.
Valentine, Evolution (San Francisco: W.H. Freeman & Co., 1977).

11 E. Mayr, Animal Species and Evolution (Cambridge, Mass: Harvard University Press,
1963). Th. Dobzhansky, Genetics of the Evolutionary Process (New York: Columbia
University Press, 1970). E. Nevo and C.R. Shaw, ‘‘Genetic variation in a subterranean
mammal, Spalax ehrenbergi,’’ Biochemical Genetics 7 (1972): 235 – 241. Th. Dobzhansky,
F.J. Ayala, G.L. Stebbins and J.W. Valentine, Evolution (San Francisco: W.H. Freeman &
Co., 1977). M. J. D. White, Modes of Speciation (San Francisco: W.H. Freeman, 1978). M.
Benado, M. Aguilera, D. A. Reig and F. J. Ayala, ‘‘Biochemical genetics of Venezuelan
spiny rats of the Proechimys guainae and Proechimys trinitatis superspecies,’’ Genetics 50
(1979): 89 – 97. The sibling species of interest to evolutionists are not recently evolved
species, but rather species that diverged millions of years ago and remain
morphologically indistinguishable. For example, several among the closest pairs of
sibling species of the Drosophila melanogaster subgroup diverged from each other about
two million years ago; other sibling species of this subgroup diverged more than five
million years ago. Sibling species exemplify two significant realities of the evolutionary
process, namely, that (1) speciation does not necessarily involve morphological change
(the point I am making here, thus contradicting one of the basic claims of PE); and (2)
that species can persist for millions of years without morphological change, the common
and well known phenomenon of ‘‘stasis,’’ which is claimed as the second distinctive
component of PE theory. As a long-term student of several groups of sibling species of
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Drosophila and of other organisms, I must admit to being underwhelmed by both PE
claims: the claim of morphological change as a common or even necessary concomitant
of speciation, because it is false; and the assertion that lineages may remain unchanged
for long evolutionary periods, because it was a well known phenomenon years before
the PE theory was formulated.

12 G. G. Simpson, Tempo and Mode in Evolution (New York: Columbia University Press,
1944): 197.

13 Three rates of evolution. The lineages running more-or-less parallel to the time axis are
bradytelic, exhibiting little, if any, morphological change as they remain within the same
‘‘adaptive zone’’ or ecological niche. The lineages that show gradual displacement from
left to right are horotelic, exhibiting gradual evolution. The tachytelic lineage, indicated by
the left-pointing arrow in the middle of the figure, changes rapidly over a short period
(and then diverges into several horotelic, or gradually evolving lineages). From G. G.
Simpson, Tempo and Mode in Evolution (New York: Columbia University Press, 1944).

14 Ref. 7, Figure 10 – 16, p. 329.
15 Evolution of rib strength in the brachiopod Eocoelia between 415 (bottom) and 405 (top)

million years ago. The fossil samples, collected at thirteen different times, are
graphically represented by a horizontal line (the range of variation among all
individuals in a sample), a vertical line (their mean or average value) and a ‘‘box’’
(the 95% ‘‘confidence value,’’ that is, the possible range of the true mean value, stated
with a 95% confidence). Successive samples are classified within the same species
(names written sidewise on the left) if their ‘‘boxes’’ overlap, but in different species
when there is no overlap.

16 This claim is refuted, however, by the phenomenon commonly observed by population
geneticists, that noticeable morphological change can occur by gradual gene substitution
impelled by natural selection. For a recent example of what is a ubiquitously observed
phenomenon, see G.W. Gilchrist, R.B. Huey, J. Balanyà, M. Pascual and L. Serra, ‘‘A
Time Series of Evolution in Action: A Latitudinal Cline in Wing Size in South American
Drosophila subobscura,’’ Evolution 58 (2004): 768 – 780. Notice also the great morphological
diversification of Drosophila species in the island of Hawaii, which I pointed out earlier
in the text.

17 See pages 100 – 105 and note 9.
18 S.J. Gould, ‘‘Is a new general theory of evolution emerging?,’’ Paleobiology 6 (1980): 121.
19 See F. J. Ayala, ‘‘Beyond Darwinism? The Challenge of Macroevolution to the Synthetic

Theory of Evolution,’’ PSA (Philosophy of Science Association) (1982): 275 – 291.
20 If I return to my culinary analogy, the question I have just asked would be: are the

flavors of gazpacho the same as the flavors of its components? As in the corresponding
cases of table salt and macroevolution, the answer would be ‘‘yes’’ if among the
components’ flavors we include the flavors they yield when suitably combined with the
other components in gazpacho soup. If we cannot predict gazpacho’s flavors from what
we know by tasting each component separately, the appropriate answer would be ‘‘no.’’
To say that table salt is nothing else than sodium and chlorine (or similarly for
macroevolutionary processes or gazpacho) is to commit the nothing but fallacy.

21 A fitting architectural metaphor of The Structure of Evolutionary Theory and, more
generally, Gould’s contribution to evolutionary theory is the gorgeous Portada del
Obradoiro, the western façade of the magnificent cathedral of Santiago de Compostela,
(campus stellae, ‘‘meadow of the stars’’), in the northwest corner of Spain, one of the
largest and most beautiful Romanesque cathedrals ever built. Santiago’s cathedral was
built between 1075 and 1128, under the successive direction of Maestro Bernardo ‘‘the
older,’’ Maestro Roberto, and Maestro Bernardo ‘‘the younger,’’ of huge dimensions,
suitable to accommodate the thousands of pilgrims that would attend Mass and other
religious services after their months-long pilgrimage from all parts of Europe. The
cathedral was built over the widely believed burial place of the apostle Santiago, Jesus’
cousin, and disciple. Santiago’s tomb was the most important destination of Christian
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pilgrimage through much of the Middle Ages, while Jerusalem and the Holy Land were
not accessible to Christians, owing to Moslem occupation. The huge Obradoiro façade, a
splendid example of Spanish Baroque, was built around 1740, under the direction of the
architect Casas y Nóvoa. The heavily ornamental Portada del Obradoiro dominates the
large Plaza del Obradoiro, where the pilgrims would gather, some newly arrived, others
emerging from the elegant Hospital that Ferdinand and Isabella had donated to attend
pilgrims in need, which dominates the north side of the square. The pilgrims would
enter the cathedral then, as they do now, through the Obradoiro gates and find
themselves facing another façade, also of magnificent scale, if somewhat smaller, the
Pórtico de la Gloria, which was completed around 1188 under the direction of the great
sculptor Maestro Mateo. This Romanesque façade, of arresting beauty, consists of three
pointed arches, framed by splendid sculptures of Santiago and other apostles, prophets
and saints. Now, as in past centuries, pilgrims, after crossing the Obradoiro façade, pause
in the atrium behind it, kiss the feet of the Saint at the center of the Pórtico de la Gloria,
and enter the Romanesque cathedral, which was not altered during the construction of
the Obradoiro façade or later. The Structure of Evolutionary Theory is, like the Obradoiro
façade, an enormous construction of considerable beauty, behind which stands the
theory of evolution, which, like the Romanesque cathedral, has lost nothing of its
magnificence, in spite of the façade in front of it. The Romanesque cathedral of Santiago
de Compostela and its Baroque façade are a more apposite metaphor of the theory of
evolution and Gould’s theoretical constructs than the Gothic Duomo of Milan and its
Baroque accretions.
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