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Toward a New Evolution

So far from a gradual progress towards perfection fom-
ing any mnecessary part of the Darfwlman 'cre.e(fi, z‘t
appears to us that it is perfectly cor.tszstent with indefi-
nite persistence in one state, or with a gradual retro-
gression.

—Thomas Henry Huxley (1876)

After the Synthesis

Simpson, Haldane, and Wright represented a small group of mdl\"I::::
involved in the formulation of the Evolutionary Synthesis wh(l?1 werl;: n‘(‘» -
served proponents of some of its basic tepets. Of note was t a(ti t ](%-]Lp:”“
tionary biologists were not wedded to a picture of .constant gr}a1 ual ¢ ’.H 8
Haldane appears to have been made most .perlpheral by t osel llr: a .
as off center of, mainstream neo-Darwinism. Hls proPos.al that s.mad oI Iu '||0“
peripheral isolates should be the stuff of rapid speciation recel(;fe 10", I,\m'"
sory mention by his contemporaries. His thoughts on gene- evi ho| .
environment interaction, with a major component of heteroc.:hrong r‘( T( o
also received little notice in the formulation of th'e Synthesis. An },l :llL)l x| S
his openness to the possibility that reduc.ed‘ selection pre.sm;.re mlgth ’ |L,: !
tor in rapid character change and speciation was not in 1ﬁe v;rll o,
other evolutionary biologists assigned to selection. Genera ):i, alda (1'“'
cited for disagreeing with Fisher aboutl v:.hether change could occur w
omly mating populations.
larg%iir]epe;(y): ngri;?ight):iid notgembrace the notiop that the major tc)::‘miu:'t
speciation was the imposition of a geograph‘ic bar.rler betwee.n asu T:. :.“
and the rest of its species. As for the genetic basis of evolut.lonz'iry (;. “.““ .
through his last publication in 1982, Wright steadf'astly malﬁta}meff b
was more than just the accumulation of small mutatlor{s and t eire u. l.”"“
the end, he was convinced that shifts in the balance of interactive gen;.l« >
binations, as well as, for example, chromosome rearrangement, coulc
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volutionary change, both in transformation within a species lineage and
e divergence of a new species from its parent. Simpson stuck to the
¢ neo-Darwinian geneticist’s position that change was a matter of the
mulation of small changes. He did 80, it seems, because of his continued
etion of Goldschmidt’s and Schindewolf’s theories, which invoked a sin-
Mmutation as the basis of major organismal reorganization.
Although in his book of 1953, The Major Features of Evolution, Simpson
a swipe at Wright—in particular, at Wright's model of intergroup compe-
n between subspecies within a large, widespread species as providing the
tus for evolutionary change of significance—the two scholars were, nev-
eless, more theoretical bedfellows than archenemies. Both believed that
from one environmental situation to another could bring about rela-
y rapid evolutionary change. This, of course, was the basis of Simpson’s
ry of quantum evolution: A species that finds itself in a new ecological cir-
stance quickly adapts to it. Quantum evolution was actually a rewriting of
e’s theory of peripheral isolates, but without the latter’s emphasis on
lopment. Wright's theories of shifting balances and selective topographic
capes invoked the concept of rapid adaptation to new environmental cir-
stances as well as the possibility that different interactive gene combina-
8 could be equally workable from an adaptive standpoint.
Simpson and Wright also serve as examples of the inability of the Com-
tee on Common Problems of Genetics, Paleontology, and Systematics to
Id these disciplines completely. Simpson worked hard in his writing to
st his paleontologically informed theories with what he thought were
salient aspects of Haldane’s, Wright's, and especially Fisher’s mathemat-
modeling of mutation rates and selective forces. But geneticists in gen-
maintained a strong skepticism about the reliability of the fossil record

demonstrating speciation and;» consequently, paleontologists’ ability to

nary change and provide a rough picture of the times of origin and extinc-
ns of major groups of fossilizable life.

The persistence of an intellectual hierarchy within evolutionary biology

reflected as recently as 1982, in one of Wright’s articles:

I'am not in a position to discuss independently the data of paleontology and rec-
ognize that my field, genetics, bears directly only on microevolution, but [ feel
that we should explain phenomena at the higher levels as far as possible, as flow-
ing from observed phenomena of genetics in the broad sense, including cytoge-
netics, before postulating wholly unknown processes.

Although Wright did not totally reject other disciplines, it is clear that

Was reiterating the common belief that an understanding of evolutionary
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developmental processes dl ‘closed”
. o el . . populations th
all. In fact, Mayr envisioned speciation as being possible and successful only pulati at population e
’ ’ tions that existed j geneticists studied
in nature: and the “open”

when there were vacant ecological niches to be filled: “Most habitats are sat-

urated with species at any given time, and there is room only for so many
new species as are needed to fill newly opened niches.” Without citing Hal:
dane, Mayr concluded that, since “[m]ost species bud off peripheral isolates
at regular intervals,” their “continued presence . . .is a guarantee of the
ocourrence of speciation whenever the ecological situation is opportune.”
What is confusing at times when one reads Mayr’s work is that he often used
the more generic phrase “seographic isolate.” Since he was a proponent firnt
of geographic isolation as the key to the process of species formation, 0ll
cannot equate peripheral isolate with geographic isolate. Peripheral isoln

more than Haldane did, and he did not consider

Although thi
iy only one example of geographic isolate. 4 m(g)}cliel cl)? SStatt?mfent was part of a criticism that M
As for the process of evolution in general, Mayr reiterated the n b o Spbeciation via partially isolated peri ha ayr levied at
Darwinian position that “evolution is a two-stage phenomenon: the pre¢ il R ean leagl;ltlcal of Wright’s belief that pamgl rlptheralhsubspecies_
0 speci . ek rather t
pecies formation—it is not dissimilar in coant e
ntent to the

tion of variation and the sorting of the variants by natural selectits
Following the lead of the population geneticists, Mayr accepted that vil
tion was produced by small-scale random mutation. He also embraced |
win's utilitarian argument for the selection of advantageous traits, as Wit

the latter notion that the advantageous traits selected in some way ¢t
at had been the previous state. This I8

those in the field who objected (4

I 0 evolutiona
ry change. And, as Wri isi
- onery chs , right envisioned j i
g Occupiegul;;i’tf;lostﬁould arise was for one subsc;elcfi,e: 1:;3 nifate
B e L o er subspecies of the same species ;}:8’3“—
. WOUldr;letrgence (?f a new species through‘é I ‘3.7 (')t
T o e urn an incipient species to the fol:l) Ofwhs
. o thé = orgtlcal.ly, lead to the generation of d'f;) .
o o - Ilreal Y existing gene pools of the subs : frem
o e e v e
e n 195 ‘ , of the man
- :nomi cf:ﬂyvi:;):s hominid fossils, only tw}(; ng::; il:gst h?d -4
oo e ssary. As a result, Homo and Austral r?tlcally
record, even though, Mayr admitteda 1(1) ml:h(ei?s
, he had his

tuted an improvement over wh

dent, for instance, in his response to

neo-Darwinian view of evolution:
Whether function precedes a structure, or vice versa, gives rise to eternul

ment. Did finches develop heavy bills because they ate seeds, or
to eat hard-shelled seeds because they had developed heavy bills? The
is, of course, that neither is correct. . . . The development of the henvy
a slow process, probably involving dozens of small mutational steps, &
surviving only if proving its usefulness in the actual test of selection I
admitted, however, that it is a considerable strain on one’s credulity (1
that finely balanced systems such as certain sense organs (the oywd
brates, or the bird’s feather) could be improved by random mutations

ever, the objectors to random mutations have so far been unable to nil¥
- ly differe i
nt a nic :
he that generic Separation is definitely justified.”
1ed.

are finoh

alternative explanation that was supported by substantial eviden
rtance o )
Whenever Mayr spoke, evolutionary biologists, whether studen B of Hofr‘r:(})le eei)loglcal niche in providing a space i .
soned professional, listened. The weight of his pronouncemaenis nking, As for l(i(())ltl d invade and become dlfferentlafe(linlto Wh:lch the
diately above—was not incons 3 ‘ recognizing Robert B , s evident in
flomic entity above the species level rK/;’amSPamnthropus as a dis-
» Mayr simply stated that thi
at this

the last sentence in the quote imme
However, proclamation and reality are two different matters

substantial evidence to support the scenario of gradual finch hill
Nevertheless, Mayr’s particular presentation of the evolutionary |
consistent with the uniformitarian approach of extrapolating (Foi
ratory experiments of population geneticists to the time-dopth
required. But there is an underlying contradiction in Mayr's na
as he discussed elsewhere, there was a significant differenos |

tify generic
status.” In 1963
oo et » and from their respectiv. i
g e ;) ! es, pgbzhansky and Simpson :l .
sl rll\/j of hominids to only two genera et
r heeny;l gf:druv:las convinced that the ge;leral course of h
s de " one. In its details, bipedalism and tl? fum'an
st. Then there was the reorganization of tl:3 re"}mg
7 e pelvie
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neticists, their concerns with evolutionary change were directed primar-

at the level of the species. True, there was an awareness of processes
thin a species. But the focus was on the formation of species in terms of
€ questions “how come, and how fast?” The words mutation, selection,
d adaptation were used, but usually in the context of “the organism ver-
8 the environment.”

In 1966, George Christopher Williams, a professor of biology at the State
Iversity of New York at Stony Brook, published Adaptation and Natural
lection: A Critique of Some Current Evolutionary Thought. According to

girdle and the limbs. Toward the end oﬁ t{llis pl?zﬁe came an increase in brali
i es in the architecture of the skull.
Slzexi: df::l iﬁg species of hominid at each of these perceived pha.&;c? n;
human evolutionary change, Mayr was a bit a@biguous about the nur}lll ‘)LI' 0
species that he thought represented Australopithecus, but tht'a sendsc; e gave
was that it was probably two and, at most, three. Me}yr mentione d):‘ mlm'l‘:
no species other than Raymond Dart’s africanus, which he sugge}fte ".: ‘: |
well have been one of the more extreme and aben"ant races of the specien,
His taxonomic minimalism extended to the species of the gc?nus HOT"“ l:
well. He mentioned only in passing the new species that Louis Leat«jc{v l:;|
his colleagues had discovered at Olduvai Gorge ailnd that th‘e'y place, 1: |::
species Homo habilis. Although Mayr did not cite H. habilis by ndnlut.' 4
accepted it as representing early Homo. From ther.e, human evolutl
flowed directly into Homo erectus and then Homo sapiens. ol
The rationale for Mayr’s view of human evolution lay in his bg ief th
“since Recent Man is a polytypic species [a species c.)f n.1any van'cfluu,
races] and since most species of mammals are polytypic, it 'cayr’l Ee :jhsll:lll
that the species of fossil hominids likewise were .polytyplc. ec..umi'
Mayr’s theoretical framework, the success of speciation depends Otl)'l ullvm.
a vacant econiche, and hominids, in his view, had_ always beelll1 (;): l‘tV v
spread geographically and diversely adapFed ecolog;c'ally, there ha ] ::l 'l‘l' .
tle opportunity for speciation. In addition, according to ,I’\/Iayr, ‘ ‘l. o
mechanisms in hominids apparently develop or}‘ly sloley. COH?},(‘|lI‘(|II
although there may have been potential isolates, “isolation nfver astod w
ficiently long for isolating mechanisms to become perfect.ed. e
Clearly, these are not morphologically based conclus1c3ns a 01: ! «| :
onomy and evolutionary history of hominids. Rather, Mayr s th.eorul -UI, :
straints as to how he thought about evolution and spef:latlc.)n u«fm
interpretation of the morphology. Con§equently, a d‘1ve‘r:181ty t;» ‘ ; |“
markedly morphologically dissimilar fossils were commltted to “n -
species. Of course, this then created the impression that t}.le egrlu: u"
ation within a particular hominid species was so extraordinary tl 1.‘n| .n
passed the norm for all other mammals. But,' as Mayr remar (‘u. :n
present-day Homo sapiens is such a highly variable, or polytyp;cI . .:«p; u.
“as concerns the fossil hominids, the simplest assumppsm w?ulfl w | 'u:
any given time only a single polytypic specie.s of h.ommlfi e}.uitju‘ '1 nuI||
the variety of observed types is merely a manifestation of indivi ":' uln ‘.w
graphic variation.” This particular scheme of human taxonomy .|Inf .
tion came to dominate the field of paleoanthropology, and of anthrop

in general.

k suggests, Williams planned to address those aspects of Darwinian the-
that had been omitted from the Synthesis. Clearly, while the leaders of
Synthesis were pursuing a solidification of their evolutionary positions,
lliams and others like him were attempting to fill in the still-vacant lacu-
in evolutionary theory. Although Williams’s monograph was also written
part as a response to various evolutionary biologists who were not content
explain everything evolutionary in terms of selection arguments, it
ame the centerpiece of a new neo-Darwinian effort, which would become
Own as sociobiology.

The essence of Williams’s thesis was that the organic world can be
uced to the level of genes alone, and that natural selection, pretty much
conceived by Darwin, operates in the realm of the available alternative
les, or genetic character states. Williams’s reason for focusing on genes
her than on the entire organism, or some subset of its anatomy or behav-
, Was that while organic bodies come and £0, genes are essentially immor-
. Genes are self-replicating and have the potential to be passed on through
endless number of generations of offspring. Admitting that “the gene”

still an abstract concept in population genetics, Williams conceived of it
the indivisible, or ultimately unfragmentable, unit of inheritance. As for
romosomal rearrangement, he argued that the rearranged chromosome

ent “behaves in a way that approximates the population genetics of a

€ gene.” Putting this all together, Williams defined the gene as “that

Ich segregates and recombines with appreciable frequency.” He also

inded his audience that, as pre-Synthesis geneticists had learned, a gene

ild produce more than one effect. The sum total of the genes of an indi-

lal—its genotype—could be expressed differently in different individuals

fuse, according to Williams, the genotype is interpreted by the “soma” of

individual.

The Post-Neo-Darwinian World

Although the paleontologists and systematists who contributed to the erent alleles of the same gene. By choosing from among the available
lutionary Synthesis were greatly influenced by the work of populs mative alleles, there would be differential survival and, consequently,
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selective accumulation of genes. Ultimately, this selection of genes could
have quite an impact on organisms. Although it is never stated fully, the
implication throughout Williams’s book is that even if the pace of accumula-
tion were rapid, each allele so accumulated would have only a small effect. In
this sense, the shift in gene frequencies would be a slow and gradual process.
As for adaptation, Williams felt that “[N]atural selection would produce or
maintain adaptation as a matter of definition. Whatever gene is favorably

selected is better adapted than its unfavored alternatives. This is the reliable

outcome of such selection, the prevalence of well-adapted genes.”

Since a gene is ultimately expressed through the physical being, or phe-
notype, of the organism, in order for it to be selected it must be responsible:
for something that enhances the reproductive success of the organism. In
other words—recasting concepts as they had first been proposed by Darwin
in the light of population genetics—a well-adapted gene is one that con-
tributes to the individual’s reproductive success.

In dealing with Darwin’s notion of competition, Williams admitted that
while “natural selection works only among competing entities . . . it is nol
necessary for the individuals of a species to be engaged in ecological comper
tition for some limited resource.” In fact, he argued, selection could be most
intense during the early phases of a population’s expansion, when available
resources might not be scarce. What is at stake, ultimately, is mean pheno:

typic fitness, which boils down to how many offspring an individual can pro:

duce and, consequently, how successful an individual will be in spreading i(x

genes throughout subsequent generations. But it is not the absolute numbef

of offspring an individual sires that is important. Fitness is judged on the
basis of how many offspring an individual produces relative to the averaj¢
number of offspring produced by the individual’s population or species. A
individual that sires more offspring than the average for its population woul
be doing well within this view of selection and adaptation. If, then, adapti
tion is thought of in terms of reproductive success, with genes being the ult
mate focus of selection, the phenotypic traits of importance would be tho
that enhanced the gene’s chances of being transmitted to as many offsprii
as possible. Although physical characteristics can be accommodated in th
model, so, too, can behavioral, including social, attributes.

In Williams’s formulation, natural selection serves to maintain stabilll
This would make sense in a context in which natural selection choos
among alleles that are already present within the species and available
selection through the phenotypes of individuals. On the other hand, mul
tion, according Williams’s theory, acts to disrupt this stability. This sug
tion seems to imply that a mutation is expressed via the phenotype shorl
after it has arisen. Nevertheless, Williams had to admit, “[m]utation is .
necessary precondition to evolutionary change,” which “takes place, nol

much because of natural selection, but to a large degree in spite of it.”

Williams’s speculations about how evolution would be enacted ovel

period of a million years is exemplified in the following passage:

Williams was very clear about how he read

eved that t]leSe e‘/olutl()na] y I)-() 0gist: wer
1 l g Sts (<]

cerned, “

7 t:r modern genetic concepts.”
, ined the words selection, mu
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adaptation and the processes of evolutionary change that lead to speciation,
In fact, he was even clearer on this point in a more recent book:

The microevolutionary process that adequately describes evolution in a popula-
tion is an utterly inadequate account of the evolution of the Earth’s biota. It is
inadequate because the evolution of the biota is more than the mutational ori-
gin and subsequent survival or extinction of genes in gene pools. Biotic evolu-
tion is also the cladogenetic [branching] origin and subsequent survival and
extinction of gene pools in the biota.

This is certainly a different approach to neo-Darwinism than the one the
predecessors and founders of the Evolutionary Synthesis propounded.
They—from Morgan to Dobzhansky and Mayr—were invested in the appli-
cability of observations on laboratory population genetics to microevolu-
tionary processes and the expandability of microevolutionary processes
to explain all aspects of evolution, from the individual to the largest of
evolutionary groups. Following Fisher, in particular, the mottoes of the neo-
Darwinism of the Synthesis was “variation furnished by random micro-
mutation,” and “change enacted by natural selection on this low-level
variation.” Because microevolution was slow and gradual, so, too, must be
macroevolution.

But then came Williams, a neo-Darwinian who suggested that microevo-
lution and macroevolution should be decoupled. Granted, Williams was no
Bateson or early Morgan, or a Goldschmidt or Schindewolf. But he was not a
promoter of the kind of neo-Darwinism that became incorporated into the
Synthesis. Nonetheless, the intellectual offspring Williams sired often cite
him as suggesting that his adaptationist program is explanatory of all levels
of evolution. Perhaps this overgeneralization of Williams’s intent is due to a
confusion that arises when the word evolution is used to discuss two very
different phenomena: the maintenance of adaptation versus the introduc-
tion of change. But, clearly, as the quotes above demonstrate, Williams was
not promoting the kind of uniformitarianism that was followed by the neo-
Darwinians who preceded him; namely, that of expecting the processes of
micromutation within species to be of equal validity for understanding the
origin of species.

Back to the Fossil Record

In 1972, a different approach to distinguishing between processes that arc
relevant at the within-species level and those that result in the origin of
species came from two graduate students in invertebrate paleontology at
Columbia University, Niles Eldredge and Stephen Jay Gould. The impetus
for this particular joint effort came from the studies on a group of fossil
invertebrates—the primitive, shrimplike trilobites—that Eldredge had becn
conducting.
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A marine environment provides a better setting for a more reliable pic-
re of what happened over a period of geologic time than does a terrestrial
vironment. Being in water facilitates fossilization. A dead body will prob-
ly sink to the bottom, and become covered by sediment, which will pro-
bet it. And small marine organisms tend toward large populations, so there

Il be a greater number of individuals contributing to the potential popula-
n of fossils. Consequently, marine invertebrates, such as trilobites, would
ve a much better chance of demonstrating the details, over geologic time,

their comings and goings geographically, and of their evolutionary
anges, than, for example, would elephants or even most insects.

By following the representative fossils of different groups of trilobites
er time, Eldredge was struck by how stable a particular group remained in
morphology. Moreover, it appeared that one population of trilobites with,
ically, fewer lenses quickly replaced another population that, typically,
d a greater number of lenses. The fossil history of trilobites did not con-
rm to a model of gradual evolutionary change, with transformatidn via all
ssible permutations from one lens count to another. Rather, these fossils
resented a totally different picture: long periods of relatively no change,

d occasional rapid episodes of morphological change. To Eldredge, this
nleontological observation suggested a particular mode of allopatric speci-
tion, or speciation by way of geographic separation: allopatric speciation
a peripheral isolates. It turned out that Gould, too, had been impressed by
similar picture of the fossil record of the fossil Bermuda snails he had been
udying.

In their joint article, Eldredge and Gould introduced the concepts of
hyletic gradualism, stasis, and punctuated equilibria. They used the phrase
phyletic gradualism” to encompass the kind of slow change via a succes-
lon of intermediates that, especially ifi paleontology, had become the image
of how evolutionary change actually occurs—in spite of the frequent gaps in
the fossil record that intrude upon this ideal. In this framework, gradually
ficeumulating change can produce a continuum of transformation that does
1ot increase species diversity, but it can also be involved in the origin of a
Species. In contrast, the picture of evolution that derived from the study of
trilobites and Bermuda snails was that of long periods of stasis—no morpho-
logical change beyond minor individual variation—that were infrequently
punctuated by abrupt or rapid episodes of population replacement. In addi-
tion to summarizing their work on trilobites and snails, Eldredge and Gould
eited the fossil record of the horse, the extinct oyster Gryphaea, and
another extinct invertebrate, the echinoid Micraster, as other examples of
tapid, or punctuated, evolution.

By rapid evolution, Eldredge and Gould were not suggesting that a new
ecies arises instantaneously, or even within a matter of generations.
ther, in everyday life—that is, in terms of ecological time—the process of
peciation might not appear excessively rapid, even if one knew that it was
king place. However, in terms of evolutionary or geologic time, a new




