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1

In spite of the tremendous achievements of molecular genetics and the vast
advances in the understanding of the regulation of developmental processes and
the genetic control of differentiation and pattern formation, there have not been
until recently many attempts to formulate a comprehensive theory of develop-
ment in the context of the theory of evolution, especially by natural selection
acting on heritable variation. In 1973 Dobzhansky exhorted that nothing in
biology makes sense except in the light of evolution. Yet, embryology has never
been integrated into the theory of evolution, some outstanding initial attempts
such as E.S. Russell's Form and Function (1916) notwithstanding. Our purpose,
in this note, is to draw critical attention to a recent book, The Evolution of
Individuality by Leo W. Buss which provides a very important and original
beginning, though perhaps only a beginning, towards that end.

Buss's book is a collection of essays, loosely integrated thematically and
structurally. The central question is that of development, how the order found at
various levels of organization in organisms arises. Buss proposes a simple
mechanism: competitive interactions at one level of organization give rise to
what appears as harmonious organization at a higher level. The argument is
ingenious. Competitive interactions between entities at one level (such as cell
lines) may result in conflict with the entity containing them (the individual). In
such circumstances, the higher-level entity dies, taking with it its constituents.
Cancer is an example of such an occurrence. However, it might be the case that
synergy is established between the two levels. Then entities at both levels
flourish and prosper. Thus harmony emerges from discord. Development,
according to Buss is described by such a process. The lower-level entities, in
this case, are the cell lineages, the upper-level is the individual.
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For Buss this "harmony-from-discord" mechanism plays a two-fold role.
First, it explains how development takes place in individual organisms, that is, it
is the mechanism of ontogeny. Second, according to Buss, the mechanism
explains the origin of the various patterns of development in extant organisms:

Development has traditionally been viewed as a cooperative enterprise.... [However,
t]he opposite is more likely the case. ... Those cells which ultimately gave rise to new
individuals had to earn their position in the germ line by surviving a somatic selective
filter in the form of competitive interactions with other cell lineages comprising the
same individual.... The thesis developed there is that the complex inter-dependent
processes which we refer to as development are reflections of ancient interactions
between cell-lineages in their quest for increased replication (Buss 1987, p. 30).

Ontogeny yet recapitulates phylogeny, but in this very special way.
Some details of this developmental process will be taken up later.What is

worth most emphasis, here, is that the postulation of the same mechanism for
development and its evolution (and, consequently, the evolution of individuality
itself) achieves an unprecedented conceptual integration of development and
evolution. It is not simply that there is a formal analogy between the selective
mechanism of development and the mechanism of natural selection (which is at
least a major evolutionary cause). Rather, it is selection as an evolutionary
mechanism that gets frozen into the developmental process by its own success.
What results is a complete conceptual unification of development and evolution.

2

The first chapter of the book is a historical essay re-evaluating the legacy of
Weismann. Buss's primary concern here is to show the allegedly debilitating
influence of Weismann on contemporary evolutionary biology. Weismann
insisted on the continuity of the germ plasm and its separation from the soma; he
is responsible for a myopic concentration on the individual as the unit of
selection. However, as Buss notes in the last chapter (1987, p. 173), by the end
of his life Weismann had come to adopt a hierarchical view of selection. As
historical exegesis, this first chapter is important (though some problems will be
noted below) because of its searching examination of the conceptual structure of
Weismannism. There are two interesting points in this chapter that are especially
worth noting. First, Buss points out how often Weismannism, that is, the
separation of soma and germ-line with no direct feedback from the former to the
latter, is violated. The origin of such separation, and the emergency of in-
dividuality, thus themselves become subject to evolutionary inquiry.

Second, Buss points out a surprising conceptual connection between Weisman-
nism and the individual as the unit of selection. The argument is simple and
important. It is worth elaboration since Buss, strangely, does not state it
explicitly and, as far as we have been ablt to determine, neither does anyone
else: for the individual to be the unit of selection, the individual, as characterized
by its relevant traits must persist from generation to generation with sufficient
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constancy to be recognizable (by the environment) as the "same" individual. For
the sake of simplicity, consider, first, a haploid population. If the soma can
influence the germ-line, then the traits affected by such induced changes would
be transformed each generation. If the environment is relatively constant, in
spite of these transformations, a relatively stable individual would emerge and
persist over generations. If, however, the environment fluctuates, then the
transformed traits would also fluctuate in response. The stability of the in-
dividual would be a casualty of such a process. Germ-line segregation and the
inability of the soma to transform the germ-line prevents this: the germ-line
persists unchanged no matter what the environment induces in the soma. Short
of mutation, the germ-line remains constant and the "same" individuals appear
each generation. Selection can be effective by acting on them.

Diploidy (and, polyploidy in general) requires some modification of this
argument. Recombination changes the combination of alleles from generation to
generation. Therefore, even short of mutation, the traits of an organism are not
necessarily identical to those of either parent. The individual does not show the
same amount of persistence across generations as in the haploid case. This is
precisely why genic selectionists invoke recombination to argue for the primacy
of gene over genotype (Williams 1966). All the same, the effect of germ-line
segregation is still to encourage the stability of these traits. If there were direct
feedback from the soma to the germline, the possible changes would have been
even greater.

3

The core of this book is its second chapter, by far the longest, and devoted to the
evolution of development in individual metazoans. Two themes are taken up
separately, the conservatism of early and the diversity of late ontogeny. The first
steps towards multicellularity, whether by cell aggregation or by growth of a
single cell, involved a size increase. Such growth in dimensions was, however,
limited because of mechanical constraints. These could be relieved once division
of labor among the aggregated cells took place. New mutations make the
original homogeneous clone chimeric or, when the composite is established by
cell aggregation, as in the case of the slime molds even today, the system is
multi-clonal to begin with. In the inter-cell line selection that then ensues, those
cell-lines prevail which have the highest replication rate. In such competition,
non-differentiated cells have an edge since they have not invested any of their
resources to some other function. As a consequence, the integrity of the system
could be disrupted.

Thus, it is not sufficient that cell aggregations be integrated into multi-cellular
complexes through division of labor. In the long run, only those systems that
have mutations which regulate intra-system clonal competition will survive. As
Buss puts it: "Metazoans are manifestly discrete genetic entities in which
cellular differentiation routinely acts to limit the inherent potential of their
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constituent cells for unbounded growth. [In them t]he conflict between the
potentially opposing processes of somatic differentiation and organismal
integrity has been resolved in favor of the individual (Buss 1987, p. 53)."

An efficient way to regulate intra-system competition is by limiting access of
new cell-mutants to the much smaller cell contingency that provides founders
for future generations of the system. In animals, this has been achieved by
sequestering germinal clones from somatic clones. "A failure to predetermine
differentiation pathways," Buss notes, "produces an individual potentially
susceptible to behavior on the part of its constituent cell lineages which favor
their own replication at the expense of the viability of the individual (Buss 1967,
p. 68)." The most dramatic illustration of this is, of course, cancer.

In following the evolution of taxa towards the metazoans, one finds evidence
for the increasing anticipation of the developmental stage at which sequestration
of the germ-line occurs. In parallel one finds an extension of the period in early
embryogenesis at which development is directed by the maternal genome (by
contributing the cytoplasm of the zygote and the early embryo and by deferring
the initiation of the embryo's own synthetic mechanisms). Thus the possibility
of the impact of the present individual on the genetic composition of future
generations is effectively curtailed.

The complexity of an organism by and large puts severe constraints on the
acquisition of new properties, that is, on modifiability, and the interdependence
between parts of the organisms further restricts the affordability of interactions.
The evidence for this is the success of novelty in evolution is limited to later
stages of ontogeny: "As von Baer first recognized and codified in his
phylogenetic laws, the uniformity of early ontogenetic events within and
between taxa reflects the inherent difficulty of modifying an existing pattern
once it is established, coupled with common ancestry (Buss 1987, p. 33)."
Moreover, this loss of flexibility which comes as a corollary of integration and
regulation goes much further. This interplay between constantly newly produced
variants and consistent culling by natural selection has established the hierarchy
of the patterns of conservation and innovation witnessed in the evolution of the
organization of metazoans. These include the evolution of individuality, which
is Buss's major concern in this chapter, as well as the evolution of a very
restricted number of life-cycle patterns, which is the subject of the next.

In the tradition of Darwin, Buss presents this theory of the evolution of
development with a wealth of observational detail. Much of the length of this
chapter is easily attributed to the details of the examples invoked. These are no
doubt intended to convince readers but, as in Darwin's Origin, what is presented
is yet only an interpretation of evolutionary history. No predictive tests for the
"harmony-from-discord" mechanism are clearly indicated. This problem, as will
be noted below, persists through the rest of the book.
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4

Buss turns to the evolution of life-cycles in the fourth chapter. Constraints on
early stages of embryogenesis, he argues, severely limited the number of
developmental patterns that could survive the early steps of the evolution of
multicellular individuals. This severely confined the range of taxonomic units
(as identified by their gross developmental patterns) from the pre-Cambrian
period onwards. In animals, where cells are capable of moving within the
organism, processes that sequestered the germ-line early in ontogeny were
selected, and together with the impact of the maternal genotype on the early
stages of development, left only a very narrow window for somatic variants to
have access to the germ line and to future generations.

Only two other major multicellular taxa survived. In both intra-organismal
cell mobility is severely limited. Consequently, cell-line competition could take
other routes of regulation. In plants, where cells are encased in a thick cellulose
envelope, the risk of mutant somatic cells invading the germ-line is less
significant, and the early sequestering of the germ-line is absent. Hence the
wide-spread practice in these systems of asexual vegetative reproduction. The
third kingdom of multi-cellular organisms that survived is the fungi. In them the
intra-organismal selection and competition has been regulated by rigid cell walls
and non-cellular multi-nucleate syncitia formation.

In all three kingdoms the general pattern of development and pattem-forma-
tion has not changed since it was fixed about 600 million years ago. Buss argues
that not only the evolution of life cycles, but also the evolution of diploidy and
sexuality, can be seen as the products of intra-organismic cell-line competition.
Sexuality, according to him, may have been crucial at the sensitive stage of the
transition from multi-cellular organisms to differentiated organisms (Buss 1987,
pp. 126-129). Any cell-line that "discovered" differentiation in a multi-cellular
organism may be in a precarious position, at a disadvantage in competition with
other cell-lines in spite of its potential for future evolution.

Moreover, the chance of its survival is threatened not only by this "external"
competition with other cell-lines, but also by the possibility of a back-mutation
to the undifferentiated state which, presumably, has a higher replication rate. In
asexual systems, the only protection against elimination by such back-mutation
is sampling error by which the next generation will, by chance, be seeded from
differentiated cell systems. Given, however, the relatively large number of cell
systems, and the very low proportion of differentiated to undifferentiated
systems, sampling error is not much of a protection. Sexual systems, however,
fare better. Recombination of segregating genes may ensure quite often that
some of the offspring in the next generation will be free of the back-mutation in
question. The argument is speculative and not supported by either a rigorous
model or any empirical evidence. In any case, Buss does not discount the
possibility of a historical explanation of the origin and ubiquity of sex.
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Implicit in Buss's discussion throughout is the currently avant-garde hierarchical
view of evolution. Individual development is to be explained by invoking
selection at the level of cell lineages. But these are just two levels of the
biological hierarchy. In the last chapter of the book, Buss turns to the evolution
of hierarchical structures in general. The primary concern of this chapter,
however, is evolution at the subcellular level, that is, that of replicating
molecules and reaction complexes (including Eigen's hypercycles) and or-
ganelles. The units of selection controversy arises, perhaps inevitably in this
context, and Buss argues for tolerance though he notes:

It may seem foolhardy, in today's climate, to advocate anything but the genic
selection view. The lion's share of research funds is directed at molecular approaches
to biological problems. We cannot but expect that discoveries arising from basic
research in the near future will occur primarily in the realm of gene structure and
expression. ... It takes little insight to predict that, more likely sooner than later, some
major case of evolutionary convergence will be found to have arisen by horizontal
gene transfer or that somatic differentiation will be found to arise by genic rearrange-
ment. Economic and political reality favors the language of genic selection (Buss
1987, pp. 178-179).

Thus, it seems that, for Buss, the choice is pragmatic. It is, in effect, a choice of
language:

The crossroads at which we have arrived is not a choice between a correct and
incorrect; it is a choice of how we will communicate in the future. We could adopt
either language, relegating the philosophical difficulties of one or another mode to
footnotes in a central theorem. The question at issue is which language will teach us
more (Buss 1987, pp. 178-179).

However, this cannot be all that Buss requires since, the hierarchical perspective
permits more than a different interpretation of data already explicable from the
genic selectionist perspective. The theory of development he proposes requires
that the major features of ontogeny arose because of transitions between units of
selection. There is a factual issue at stake, not merely a choice of language, and
here Buss does the hierarchical perspective a disservice by suggesting that
linguistic convention is all that is at stake.

The evolution of individuality after the transition from single-celled or-
ganisms to multi-cellular ones is just one step in the hierarchy. Turning to sub-
cellular processes, Buss argues that cellular organization, first at the level of
organelles, and finally at the level of molecules, must also be interpreted in
terms of selection at the level of cell and organalle, and organelle and molecule,
respectively. The hierarchies naturally generate evolutionary hypotheses about
the organization of the genome, the construction of the organelles for replication
or translation and, finally, for the structure of the biochemical reaction networks
in the living cell. The problem, however, is that though there is no doubt that
selection stories can be told for many of these entities, this is still only interpreta-
tion, not prediction. The predictive status of the theory remains as murky as in
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previous chapters. Perhaps, as Buss suggests, a mathematical theory of selection
acting along different hierarchical levels will eventually be developed and
permit quantitative prediction. But that remains a task for the future. The few
attempts in that direction (e.g., Arnold and Fristrup (1982) and (Salthe 1985))
have remained rudimentary and offer no insight how the spatial organization of
biological hierarchies, which appears to be critical in process such as develop-
ment, might be incorporated into the usual structure of the theory of natural
selection. It might well be a long while before any of Buss's ideas can be
systematically quantitatively tested.

6

Philosophers, perhaps even more than working biologists, will find The
Evolution of Individuality fascinating. Both will obviously be interested in the
new harmony-from-discord theory of development which, if correct, will mark
an important innovation in biological theory. Both will recognize Buss to have
made an important contribution to the units of selection controversy by showing
that there are new insights that tolerance and a hierarchical approach might
provide. Philosophers should also observe that the importance of the hierarchical
approach goes beyond just providing the basis for a new theory of development.
Development receives so much emphasis in this book only because of Buss's
concern with the transition from protozoan to metazoan construction.

In particular, philosophers should note that Buss's mechanism provides yet
another illustration of an important principle: what appears random or unor-
ganized at one level of organization might well appear directed and organized
at a higher level. Cell lineages compete with each other in an unorganized
manner at that level. The development of an organism yet appears to be a
cooperative directed process, better and more subtly organized than any human
creation. Similar situations are easy to find elsewhere. Consider bacterial
chemotaxis. 2 Certain strains of bacteria are known to swim towards higher
concentrations of specific substances. At the level of the bacterial population
this appears to be a directed phenomenon raising the question whether the
microscopic bacterial cells somehow have the relatively sophisticated capacity
to sense spatial chemical gradients. Actually, individual cells do nothing of the
sort. All that the cell does is randomly increase the rate of motion of its flagella
in response to higher concentrations of the chemical. What results, at the
population level, is directed movement towards higher concentrations.

A similar phenomenon might be occurring during certain kinds of bacterial
mutagenesis (Sarkar 1991). Cairns, Overbaugh and Miller (1988) and others
have demonstrated that, for certain classes of mutation, bacterial mutagenesis
occurs with a higher probability in environments where the associated
phenotype is adaptive. At the cellular level, this enhanced mutation rate
(defined, as usual, per generation) can be taken as evidence for "directed"
mutation. Stahl (1988) has proposed a mechanism for this process. In normal
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bacterial cells, DNA replication errors are corrected by mismatch repair
enzymes. If cells are starving, these enzymes might be cannibalized as a source
of energy. Under such circumstances variant strands of DNA might be formed
by a purely random process. Because of starvation, the cell does not divide
while this happens andmany of these potential mutation events are not actual-
ized as such. If, however, a variant strand does arise which leads to an ability to
grow in that environment, the cell divides and the variant gets incorporated into
the genome as a mutation. Thus, at the cellular level, a directed mutation arises
from what, at the molecular level, is an undirected process.3 Both of these
examples have the same structure as the "harmony-from-discord" mechanism of
Buss. Perhaps the most important philosophical lesson to be gleaned from them
is that notions such as those of "direction," "organization" or "randomness"
should be explicitly relativized to the unit in a hierarchy where they become
relevant.

It has already been noted several times that one major problem with the book is
the question of the testability of Buss's basic "harmony-from-discord"
mechanism for the evolution of development. There are, however, other
problems. First, some historical interpretations are questionable. Buss seems to
assume that the "modem synthesis" necessarily involved the assumption of
Weismannism (namely, the non-inheritance of acquired characteristics).
Although this may have some historical truth, at the conceptual level it is
certainly not obvious. Evolution by natural selection only requires (i) variation
in phenotype; (ii) differential phenotypic fitnesses; and (iii) heritability of fitness
as Lewontin (1970) once pointed out. Just as such selection requires no commit-
ment to any particular unit, it is also completely silent about the source of
phenotypic variation. The "new" genetics of the early decades of this century
established laws governing the transmission of genes from generation to
generation and the relation of genotype to phenotype. Once again, the origin of
natural variations was largely ignored though it became clear that mutations
were induced by radiation and, later, by certain chemicals. Weismannism, in the
sense of necessarily random variation, was certainly implicit in the work of
many of the framers of modem evolutionary theory but it was not explicit.
Indeed, it can be argued that the first serious attempt to establish the randomness
or "blindness" of variations with respect to fitness was that of Luria and
Delbriick in 1943.4 More important, not all of the framers of the "modem
synthesis" explicitly assumed the individual to be the only unit of selection, as
Buss routinely asserts. Haldane (1924) discusses "certation" or gametic selection
and, in the Causes of Evolution (1932), provides a prophetic discussion of
altruism and kin selection which goes beyond simple individual selection.

Note, moreover, that what exactly constitutes the "Modem Synthesis"
remains controversial (see the discussions in Mayr and Provine (1980). Some

470



HARMONY FROM DISCORD

such as Mayr (1980) hold that this synthesis occurred in the late 1930's and
1940's. If that assessment is true, then the earlier work of Haldane (and Fisher
and Wright) were not part of the synthesis. However, Buss (1987, p. 4) uses
"Modem Synthesis" to refer to the entire period from the 1920's to the 1940's
(and this is the usual usage (see, e.g. Huxley (1942) and Provine (1971)).
Haldane's work, therefore, falls within the scope of the developments con-
sidered by Buss to be relevant to his arguments.

Second, Buss's treatment of hierarchies is occasionally confusing. In general,
the hierarchy that he seems to have in mind is the spatial hierarchy of the
organization of organisms. However, in the last chapter, he routinely contrasts
the gene to the individual as the unit of selection. However, these hierarchies are
not the same. The "gene versus individual" question properly belongs to the
hierarchy from a single locus, to multiple loci, to larger gene clusters to the
genotype: unfortunately, the latter is often called the "individual." This hierar-
chy is an abstract one: the question of the propriety of genic selectionism could
arise even if all the genes of an organism were kept in a bank vault while
controlling the biological behavior of organisms. The spatial hierarchy is
different. Discord or harmony between cell lineages inside an individual
organism can arise, and influence the success of the individual, because they
occur within the spatial confines of the individual self. Selfish genes and selfish
DNA are not the same; only the latter properly belongs to the spatial hierarchy.
A piece of selfish DNA, replicating frequently, can yet not constitute a selfish
gene - the information in it might not ever be expressed. Moreover, the
relevance of selection of different units in the abstract genetic hierarchy can
arise separately in all spatial units above that of a totipotent cell. And, as if it is
not problematic enough to conflate these hierarchies, in the last chapter, Buss
goes on to include the evolution of ideas by something like a selective process as
if it is just one hierarchy that is being expanded. What is most odd about this
flamboyance is that Buss did not need anything but the spatial hierarchy to
elucidate his novel account of development.

Third, and least important, this book seems usually to be written entirely from
the point of view of an adaptationist even though Buss is careful to allow
historicity on occasion, such as perhaps to explain the ubiquity of sex. Perhaps
this point of view arises automatically because the core of Buss's "harmony-
from-discord" mechanism is a selection process which, at the conceptual level,
almost inevitably leads to successive adaptation. All the same, nowhere does
Buss seem to worry about other evolutionary causes and we cannot but help
worrying as to how allometry, pleotropy, drift or, possibly, even self-organiza-
tion, might affect his argument. However, though these problems are important,
they do not in any way seriously undermine the central arguments of the book.
The Evolution of Individuality remains one of the most original and exciting
books about evolution to be published in the last several decades.
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NOTES

I This is Contribution No. BTBG-91-5 from the Theoretical Biology Group, Boston
University.
2 For details of this example, see Keller (1992) and the references therein.
3 More details of this example, and a discussion of the controversies surrounding
directed mutagenesis, are given in Sarkar (1991).
4 For a detailed examination of these issues, see Sarkar (1991).
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