
PERSPECTIVE

doi:10.1111/evo.14268

Neo-darwinism still haunts evolutionary

theory: A modern perspective on

Charlesworth, Lande, and Slatkin (1982)

Zachary B. Hancock,1,2,3 Emma S. Lehmberg,4,5 and Gideon S. Bradburd1,2

1Ecology, Evolution, and Behavior Program, Michigan State University, East Lansing, Michigan

2Department of Integrative Biology, Michigan State University, East Lansing, Michigan

3E-mail: hancockz@msu.edu

4Department of Biology, Texas A&M University, College Station, Texas

5Ecology and Evolutionary Biology Interdisciplinary Program, Texas A&M University, College Station, Texas

Received April 20, 2021

Accepted May 14, 2021

The Modern Synthesis (or “Neo-Darwinism”), which arose out of the reconciliation of Darwin’s theory of natural selection and

Mendel’s research on genetics, remains the foundation of evolutionary theory. However, since its inception, it has been a lightning

rod for criticism, which has ranged from minor quibbles to complete dismissal. Among the most famous of the critics was Stephen

Jay Gould, who, in 1980, proclaimed that the Modern Synthesis was “effectively dead.” Gould and others claimed that the action

of natural selection on random mutations was insufficient on its own to explain patterns of macroevolutionary diversity and

divergence, and that new processes were required to explain findings from the fossil record. In 1982, Charlesworth, Lande, and

Slatkin published a response to this critique in Evolution, in which they argued that Neo-Darwinism was indeed sufficient to

explain macroevolutionary patterns. In this Perspective for the 75th Anniversary of the Society for the Study of Evolution, we

review Charlesworth et al. in its historical context and provide modern support for their arguments. We emphasize the importance

of microevolutionary processes in the study of macroevolutionary patterns. Ultimately, we conclude that punctuated equilibrium

did not represent a major revolution in evolutionary biology – although debate on this point stimulated significant research and

furthered the field – and that Neo-Darwinism is alive and well.
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“…there is, after all, no need to placate the ghost of
neo-Darwinism; it will not haunt evolutionary theory much
longer.”

–Rosen (1986), Evolutionary Theory: Paths into the Future

In the first half of the 20th century, the effort to recon-

cile Darwin’s research on evolution by natural selection with

Mendel’s work on the mechanics of inheritance gave rise to the

Modern Synthesis (MS), which unified such disparate fields as

genetics, systematics, embryology, and paleontology. Since its

cohesion, the MS has faced regular challenges from diverse evo-

lutionary fields (e.g., Eldredge and Gould 1972; Pollard 1984;

Laland et al. 2014). Arguably, much of this controversy has arisen

from the fact that, its name notwithstanding, the authors of the

MS were not always working in conjunction; they often disagreed

on the driving factors in evolution, and did not publish a conclu-

sive, definitive summary of their work (although there were col-

loquia to discuss their work; Gayon and Huneman 2019). Even

after the publication of Evolution: The Modern Synthesis (Hux-

ley 1942), in which Huxley attempted to join the work of all the

key players together, the MS continued to evolve as academic

descendants of Fisher, Wright, Haldane, Dobzhansky, Simpson,

Stebbins, and others refined and updated its principles. Even to-

day, many papers that argue for the continuing relevance of the

MS are not consistent in their definitions of what it actually

is, often choosing to emphasize the factors or researchers most
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important to a particular field of study. This lack of cohesion also

means that new knowledge may appear to be outside the scope of

the MS.

Given the convoluted history of its development, the modern

student of biology could be forgiven for being puzzled at what

the MS actually is. For one, the MS has gone by several other

names, including “neo-Darwinism” and simply the “evolutionary

synthesis.” Further, some definitional fuzziness may have arisen

because the tenets of the MS are so widely accepted among to-

day’s practicing biologists that they are no longer identified with

any particular synthetic framework. But for our purposes here, a

clear and concise definition is necessary. Ultimately, the MS is

based on a few core principles: (1) genetic variation is the source

of phenotypic variation; (2) this variation arises due to mutations

that are random with respect to fitness; (3) accumulated muta-

tions selected over time are the basis of evolution within a taxon

(gradualism); (4) adaptation is solely the result of natural selec-

tion; and (5) evolution occurs at the population level (Futuyma

2017).

A few decades after the formalization of MS, Gould and El-

dredge challenged one of its foundational pillars: gradualism. Ex-

amining the fossil record of invertebrates, Gould and Eldredge

hypothesized, first in 1972, and then more explicitly in 1977, that

“stasis was data”; the consistency with which some species were

found to persist through time indicated that phyletic evolution

was slow. Further, explosions of new species at given periods in

the fossil record suggested that the bulk of evolutionary change

occurred in punctuated bursts at speciation events (or cladoge-

nesis), a theory they called “punctuated equilibrium” (PE). To

Eldredge and Gould (1972), this invalidated the idea suggested

by the MS that most evolutionary change was gradual and oc-

curred at the population level. Instead, they put forth the idea that

specific traits and epistatic networks conferred an advantage on

some macroevolutionary lineages while dooming others to ex-

tinction. Key to this argument were the notions that evolution

(and therefore selection) is hierarchical and that natural forces

shaping populations will also act at the species level. Their cri-

tique culminated in the famous Macroevolution Conference at the

Field Museum in 1980, which was attended by both detractors

and supporters of the MS (Lewin 1980; Futuyma et al. 1981).

Of the meeting, Lewin (1980) wrote that it was “at times unruly

and even acrimonious” in his article “Evolutionary Theory Under

Fire.”

Published in 1982, “A Neo-Darwinian Commentary on

Macroevolution,” by Brian Charlesworth, Russell Lande, and

Montgomery Slatkin, provided a comprehensive rebuttal to

Gould and Eldredge’s critique of the Modern Synthesis. In this

tour-de-force defense of Neo-Darwinism, Charlesworth, Lande,

and Slatkin (CLS) presented, and proceeded to defang, each of

the major tenets of punctuated equilibrium. In this Perspective,

we return to this paper, which was published at the midpoint

between Huxley’s Modern Synthesis (1942) and the 75th an-

niversary of the journal Evolution (2021) and take the oppor-

tunity to re-examine and engage with ideas old and new in the

light of discoveries made into the 21st century. While the flames

of many of the original MS versus PE debates have faded, the

question of whether microevolutionary processes are sufficient

to explain macroevolutionary trends is still hotly debated to this

day.

We have organized this Perspective around CLS’s refutation

of the major points of PE, and we will revisit their arguments in

light of modern evidence. First, we discuss the PE and MS inter-

pretation of stasis in the fossil record, concluding with CLS that

stabilizing selection is the force most likely to explain the pat-

tern. Second, we evaluate the proposed association of morpho-

logical change with speciation and Mayr’s “genetic revolutions,”

which Eldredge and Gould (1972) used to explain this pattern.

We conclude that this association is dependent on the speciation

process itself, and that evidence from molecular phylogenetics

does not support genetic revolutions as the means by which pop-

ulations or species cross to new adaptive peaks. Third, we ex-

amine the claim that selection acting above the species level is

necessary to explain phylogenetic trends, and that “clade-level

mutations” can effectively decouple micro- and macroevolution.

We contend that no such decoupling can be done, that there are

no clade-level mutations that are analogous to genetic mutations,

and that ignoring microevolution can distort the interpretation

of macroevolutionary data. Finally, we conclude by examining

the philosophical evolution of PE in light of Kuhn’s (1962) view

of scientific revolutions. Like biological evolution, the develop-

ment of PE was largely the result of gradualism and descent with

modification.

STASIS

The interpretation of the observed pattern of stasis in the pale-

ontological record was one of the principal areas of contention

between proponents of the PE and those of the MS. Punctuated

equilibrium held that if morphological stasis over macroevolu-

tionary timescales was the norm, then rates of phyletic evolu-

tion (i.e., gradualistic change within a lineage) must be “orders

of magnitude” lower than the rate of morphological change oc-

curring at speciation (Gould and Eldredge 1977). Below, we ex-

amine stasis through the lens of CLS’s review of PE, describing

its centrality in PE critiques of the MS, CLS’s responses to those

critiques, and modern research that sheds light on this argument.

PE: Developmental constraints and gene flow mitigate

divergence

The pattern of stasis in the fossil record indicated, in Eldredge and

Gould (1972)’s view, that phyletic evolution (i.e., evolutionary
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change within species) is unimportant, because most change is

happening at speciation. Their argument was that the MS viewed

evolution as a population-level process, with change happening in

allele frequencies over successive generations, and that it there-

fore could not explain long-term stasis, or the apparent lack of

evolution in populations (Gould and Eldredge 1977). Gould and

Eldredge (1977) asserted that this shortcoming arose from the

fact that the MS had historically ignored developmental con-

straints that act to limit a population’s adaptive potential. An ex-

treme example of developmental constraints might be the verte-

brate four-limb body plan; once tetrapods started down the devel-

opmental pathway to four limbs, it became impossible for them

to evolve six. Therefore, even if it would be beneficial for a tetra-

pod to have six limbs instead of four (imagine the time saved

carrying-in groceries!), such variation cannot arise for selection

to favor. This example of developmental constraints highlights

what PE claimed was an issue for the MS. Gould (1981) wrote

that the MS views an organism as a sphere, equally likely to be

molded by natural selection in any direction and therefore in-

finitely plastic. If this were true, he contended, then natural se-

lection should not be limited by available variation, and the fossil

record should reveal gradual patterns of morphological change

within populations. Speciation should have little to no impact

on overall patterns. Instead, Gould and Eldredge viewed the ob-

served pattern of stasis in the fossil record as clear evidence that

developmental constraints circumscribe the direction in which

natural selection can drive morphological evolution. Therefore,

they argued, the MS was unable to explain existing patterns, and

other forces outside the scope of the MS must be at play in gen-

erating them.

Gene flow was an alternative mechanism of morphological

stasis proposed by other adherents of PE. The idea that gene flow

could swamp local differentiation and therefore maintain species

morphological stasis through time was first suggested by Mayr

1963 and was later promoted by Stanley (1979), although not

Eldredge and Gould (1972). Stanley’s reasoning was that gene

flow, coupled with spatial variation in selection pressures, would

essentially cancel out any directional evolution in the species

metapopulation as a whole, resulting in stasis. This argument in-

voked Wright’s theoretical result (1931) that even a single mi-

grant per generation can prevent differentiation at neutral loci.

MS: Stabilizing selection as a cause of stasis

In their defense of the MS, CLS argued Gould and Eldredge’s

characterization of the MS was a caricature, that microevolution-

ary processes were sufficient to explain macroevolutionary pat-

terns, and specifically that the pattern of stasis was the result of

stabilizing selection. They argued that Gould’s (1981) analogy of

the infinitely plastic sphere was a “severe distortion” of the MS,

and that, at least going back to Muller (1949), limitation in the

directions of phenotypic change was already understood by pro-

ponents of the MS. Furthermore, CLS reasoned, developmental

constraint was an inadequate explanation of stasis, as it ignored

the incredible phenotypic varieties that have been produced by

artificial selection. For example, any student of biology (or veg-

etable enthusiast) will be familiar with the wild mustard plant

(Brassica oleracea), which is the ancestral phenotype for diverse

crops such as brussel sprouts, kale, cabbage, kohlrabi, broccoli,

and cauliflower. That such extreme artificial selection is possi-

ble relies on the fact that population-level variation exists to be

selected upon, even if that variation is very rare. There continue

to be excellent empirical examples of systems in which develop-

mental constraints clearly do not stand in the way of rapid mor-

phological diversification. Even for such a canonical example of

stasis as the allometric scaling of Drosophila wing shape, which

is highly conserved over macroevolutionary timescales, there is

experimental evidence that selection can rapidly escape develop-

mental constraints (Bolstad et al. 2015).

Charlesworth et al. next turned their critique to Stanley’s

proposed mechanism of stasis, gene flow (Stanley 1979). They

argued that gene flow is, in most cases, an insufficient factor

for maintaining morphological similarity across a widespread

species. Further, they pointed out that Wright’s result on gene

flow preventing differentiation only pertains to neutral loci, and

that alleles under even moderate local selection can overcome

the homogenizing effects of gene flow (Haldane 1930; Slatkin

1973). While there are certainly cases of gene flow acting counter

to local adaptation (e.g., Sambetti and Rice 2006), there are also

many empirical examples of striking divergence in the presence

of gene flow (e.g., Gonzalo-Turpin and Hazard 2009; Moody

et al. 2015; Butlin et al. 2014). For example, there is minimal

genome-wide divergence between the light and dark morphs of

two White Sands lizards (Aspidoscelis inornata and Sceloporus

cowlesi) (Rosenblum 2006; Laurent et al. 2016).

Instead of developmental constraints or gene flow, CLS be-

lieved that the MS explanation for the pattern of morphological

stasis over macroevolutionary time is stabilizing selection. This

mechanism acts to maintain an optimal mean phenotype by se-

lectively culling those that deviate too far from it (Haldane 1957;

Maynard Smith 1968). Evidence for this was first observed by

Darwin (1859), who noted that vestigial features are far more

variable than functional ones. Charlesworth et al. noted that it

is a “common observation” for morphological characters in lon-

gitudinal studies to show decreasing phenotypic variance as the

age of the cohort increases.

There continues to be strong evidence today for stabilizing

selection as a mechanism of stasis. In a large-scale study of over

2,600 species, Estes and Arnold (2007) evaluated a variety of

different models of phenotypic evolution on timescales ranging

from hundreds to millions of generations. These models included
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a wide range of scenarios, including stabilizing selection, genetic

constraints, and neutral evolution. They found that stabilizing

selection was consistently chosen as the model with the most ex-

planatory power. Furthermore, over the entire range of heritabil-

ity values for most models (which ranged from 0.001−0.999),

genetic constraints had negligible impacts on results (Estes and

Arnold 2007). These findings are in agreement with other obser-

vations in nature, such as the rapid evolution of antibiotic resis-

tance in bacteria (Davies and Davies 2010), herbicide resistance

in many pest insects (Manalil et al. 2011), and others, which sug-

gest that phenotypic evolution in natural populations may only

rarely be restricted by mutations. Taken together, there appears

to be an abundance of support for stabilizing selection as an ef-

fective mechanism of stasis.

MORPHOLOGICAL CHANGE ASSOCIATED WITH

SPECIATION

Gould and Eldredge believed that most morphological evolution

occurs in bursts between long periods of stasis, that bursts of

evolution occur at speciation events, and that speciation itself

facilitates rapid morphological change via the relaxation of devel-

opmental constraints (1972, 1977). In their model, speciation pro-

ceeds via founder events, which then allow populations to cross

adaptive valleys to new peaks. This idea was first proposed by

Mayr (1954), who thought that these “genetic revolutions” could

be the result of large-scale reorganization of the genome, such

as chromosome inversions or duplications. Alternatively, in the

MS perspective, speciation is itself not a cause of morphologi-

cal divergence, which instead arises due to the cessation of gene

flow by some intrinsic or extrinsic force coupled with the gradual

accumulation of genetic differences. Gould and Eldredge (1977)

argued that the view of the MS was inadequate to explain the

trends of punctuated morphological change at speciation events

given that it did not assume speciation to be a driving force of

evolution.

Below, we review the concept of the “genetic revolution” as

a driver of morphological change at speciation. While we provide

CLS’s rebuttal, we note that we are largely rehashing a closed

debate, as Mayr’s theory of genetic revolutions is no longer ac-

cepted in mainstream evolutionary biology. However, the idea

was central to the theory of PE and is interesting in a histori-

cal context. Furthermore, while the mechanism itself is no longer

seriously discussed, the questions regarding rates of evolutionary

change and mechanisms of speciation that it sought to answer are

(e.g., Uyeda et al. 2011; Matute and Cooper 2021). In this con-

text, we evaluate the predictions of genetic revolutions in light

of molecular phylogenetics, concluding that there is no evidence

for an association between population bottlenecks and rapid

evolution.

Evolution by revolution

Proponents of PE argued that “genetic revolutions” occurring at

speciation were necessary for morphological evolution to over-

come developmental constraints (or the homogenizing effects of

gene flow; Stanley 1979). The term “genetic revolution” was in-

troduced to the lexicon of evolutionary biology by Ernst Mayr,

who postulated that speciation most often occurs when small pop-

ulations near the edges of a species’ range become isolated from

the rest of the range, and eventually evolve into a novel species

(1954). Because these founding populations are bottlenecked, ge-

netic drift is more free to sample morphological space that might

otherwise have been restricted by stabilizing selection (or gene

flow; Stanley 1979) in large populations. The colonizers are ex-

pected to quickly reach a new adaptive peak, allowing their num-

bers to exponentially grow such that inbreeding does not lead to

extinction. Eldredge and Gould (1972) proposed that genetic rev-

olutions were a mechanism that could generate rapid phenotypic

change at cladogenesis.

In their critique of the idea of genetic revolutions, CLS noted

several difficulties in identifying correlations between morpho-

logical change and speciation from fossil data alone; these have

been echoed in a recent review by Pennell et al. (2014). First,

evaluating such associations requires the assumption that we have

sampled direct ancestors of descendant taxa, which is very un-

likely. Secondly, it requires that the fossil record is sufficiently

well-sampled that we can adequately rule out gradualistic evo-

lution. Given the sheer number of individuals that have died in

the history of life relative to the number of those preserved in

the fossil record, our ability to justify this second assumption

seems tenuous at best. Thirdly, testing this hypothesis require

strong taxonomic assumptions about the extent of identifiable

morphological change that constitutes a new species designation.

This latter point has become particularly problematic over the last

decade given the increased appreciation of the prevalence of cryp-

tic species (e.g., Bickford et al. 2007; Fišer et al. 2018) that pre-

sumably would not be identifiable from even the best-preserved

fossils. Indeed, as CLS pointed out, “[t]here seems to be no

way in which systematists can arrive at a certain classification

of closely related, allopatric taxa as separate biological species

on the basis of purely morphological criteria.” Coyne and Orr

(2004) extended this argument further, noting that, outside of di-

rect breeding trials, it is almost impossible to deduce whether al-

lopatric populations are distinct biological species. Furthermore,

as noted by Levinton and Simon (1980), the use of morphol-

ogy for species identification introduces a tautology into Gould

and Eldredge’s arguments, as any change observed in the fos-

sil record will merit a new species designation, which means

that all changes will be correlated with inferred cladogenesis

events.
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Charlesworth et al. argued that the physical evidence in the

fossil record cannot provide sufficient support for the theory

of punctuated equilibrium, but we can further evaluate whether

Mayr’s concept of genetic revolutions is even theoretically plau-

sible. Barton and Charlesworth (1984) evaluated Mayr’s and

other’s models that rely on founder events (e.g., Carson 1968;

Templeton 1980) and found theoretical flaws. For example, they

noted that the rate of genetic drift is slow; a neutral mutation takes

on the order of 4Ne generations to reach fixation in a population

(where Ne is the effective size of the population). Phenotypic evo-

lution due to drift is therefore likely to be very slow relative to the

action of selection and thus, drift alone is unlikely to rapidly shift

a population through a valley between adaptive peaks.

Any signatures of bottlenecks?

If genetic revolutions were generally responsible for rapid adap-

tive change, then we should be able to identify signatures of

population bottlenecks that correspond to periods of evolution-

ary bursts. Charlesworth et al. raised the Hawaiian radiation of

Drosophila as an example of a system in which Mayr’s genetic

revolutions could have occurred; after all, the system is charac-

terized by repeated colonizations of new islands and extensive

morphological divergence with reproductive isolation via mate

discrimination. However, they noted that it is unlikely that a ge-

netic revolution is responsible because there seems to be little

evidence that these species have the reduced heterozygosity ex-

pected after a founder event (Templeton 1980). Furthermore, the

existence of ring-species undermines the notion that genetic rev-

olutions are necessary to generate reproductive isolation. In ring

species, speciation is the result of the gradual cessation of gene

flow and accumulated divergence between demes that meet at the

edge of the ring (e.g., Mortiz et al. 1992; Wake and Schneider

1998; Irwin et al. 2001; Cacho and Baum 2012). In addition, there

are numerous empirical examples of systems in which genetic di-

vergence does not correlate with phenotypic divergence. For ex-

ample, Fišer et al. (2015) reported that species of the amphipod

crustacean Niphargus were widely genetically diverged but mor-

phologically indistinguishable. These cases reflect a “lack of cor-

relation between low heterozygosity and rapid speciation” (CLS),

or between speciation and morphological change, as would be

predicted if genetic revolutions were the principal mechanism of

speciation. Indeed, the existence of cryptic species alone chal-

lenges the notion that genetic revolutions are the main means by

which speciation occurs.

The incorporation of coalescent theory into phylogenetic

methods (Maddison 1997; Degnan and Rosenberg 2006; Liu et al.

2009; Degnan and Rosenberg 2009) has facilitated the use of

molecular phylogenetics to test for signatures of bottlenecks in

rapidly evolving clades. On average, bottlenecks are expected to

reduce incomplete lineage sorting and gene-tree/species-tree dis-

cordance. A recent simulation-based study (Hancock et al. 2021)

suggests that this reduction in the proportion of discordant gene-

trees is expected to be particularly striking under a peripatric spe-

ciation model like that proposed by Mayr (1954). Therefore, if

peripatry is the dominant form of speciation, especially in the

case of rapid morphological evolution, then across the Tree of

Life we would expect to see increased gene tree concordance at

the shortest nodes or nodes leading to dramatic morphological

change. However, the exact opposite pattern has been observed

and is well documented for many major radiations (e.g., Taka-

hashi et al. 2001; Smith et al. 2019; Doronina et al. 2015). Parins-

Fukuchi et al. (2021) recently found that, across six major clades

ranging from angiosperms to mammals, the periods of the most

phylogenomic conflict corresponded with bursts of rapid pheno-

typic evolution. If population sizes had been depressed follow-

ing a founder event, and this depression allowed for genetic drift

to shift populations between adaptive peaks, then we would ex-

pect less gene tree conflict associated with phenotypic change,

not more.

PHYLOGENETIC TRENDS

A major claim of PE was that population-level processes (mi-

croevolution) could not adequately explain macroevolutionary

trends. The proponents of PE suggested instead that a hierarchi-

cal view of evolution was necessary, and that processes acting on

clades were separate from (though analogous to) those acting at

the population level. Below, we first provide the arguments of PE

and the modern advocates of species selection. Next, we sum-

marize CLS’s response to the claim that the MS was inadequate

to explain higher-level patterns and offer our own perspective on

the continuity of microevolution and macroevolution. We con-

clude that macroevolutionary processes such as species selection

likely play a relatively minor role in the evolutionary history of

biological diversity and that population-level perspectives offer

more satisfactory explanations of phylogenetic patterns.

Sometimes Darwin and sometimes Dracula

Gould (1981) described the separation of macroevolution and mi-

croevolution with an analogy of packing books. When packing

books, he was concerned with their size and shape, but not the

publisher or the print size, because “the books, as morphological

entities, are irreducible as objects to be packed.” Gould did not

deny that the books have “micro-level properties” that he cared

about; he wrote “sometimes I read Darwin and sometimes I read

Dracula.”

The theory of PE not only recognized a macroevolution-

ary pattern in the fossil record (organization of books in boxes),

but also claimed that macroevolutionary processes (act of ar-

ranging books into boxes) distinct from those at the population

level were responsible (Stanley 1979; Eldredge and Gould 1972;
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Gould and Eldredge 1977). Importantly, the PE arguments con-

cerning macroevolutionary trends were predicated on two key

points: (1) morphological change occurs at speciation and (2)

that these changes are random with respect to the direction of

macroevolution (what they referred to as “Wright’s rule”; Wright

1940). If these two postulates hold true, they argued, then direc-

tional macroevolutionary patterns, such as the general trend to-

ward increased body size in mammals or parallel evolution, could

not be explained by traditional microevolutionary processes con-

tained within the MS. Instead, these trends suggested the action

of some higher-level mechanism.

The mechanism that advocates of PE believed was gener-

ating macroevolutionary trends is called species selection (Stan-

ley 1979; Vrba 1984; Gould 1998), which is defined as lineage-

level selection acting on the emergent traits of species. As with

Gould’s example of packing books, these traits cannot be reduced

to or predicted by their component parts, so their effects only

act at the species level or above. For example, range size is of-

ten considered an emergent trait because it cannot be predicted

by any individual-level property, such as dispersal distance (see

Grantham 2007, who designated range size as “weakly emer-

gent”). Species selection occurs when lineages that possess a

trait – which must be inheritable by descendent lineages – have a

higher net diversification rate, either due to an increase in specia-

tion rate, a decrease in extinction rate, or both. Crucially, species

selection was defined by PE as a force that could not be explained

by microevolutionary processes, and was therefore outside the

purview of the MS.

Cannot see the trees for the forest

The Neo-Darwinian stance on macroevolutionary patterns, as

presented by CLS, is that they “are due to natural selection acting

in each species.” Because CLS had already rejected the premises

that morphological change was linked to speciation events and

that the direction of that change was random, their approach

was to instead point out the ways in which microevolutionary

processes are perfectly capable of generating macroevolutionary

patterns. First, they pointed out that parallel evolution could be

explained by natural selection acting within species that were

in similar ecological circumstances. There are numerous com-

pelling empirical examples of this type of parallelism, including

the light coloration of the different White Sands lizard species

mentioned above (Rosenblum 2006), or the striking convergence

of sand-diving lizards found in the North America West and in

Namibia (in the genus Uma and Meroles, respectively, Robinson

and Barrows 2013). Similarly, CLS argued that if the fitness of in-

dividuals with heritable traits that were more diverged from that

of their co-occurring competitors was higher, divergent evolution

could also be explained by natural selection acting to differentiate

species due to their ecological interactions. As an example, CLS

referenced the canonical example of Anolis lizards, which have

repeatedly differentiated into different niches following their col-

onization of new Antillean islands (Williams 1972; Losos 1994);

trait divergence in sympatry has been documented in many other

empirical systems, including canine size in desert felids (Dayan

et al. 1990) and floral scent in California jewelflowers (Weber

et al. 2018). In each of these cases, the pattern of species diver-

gence can be explained by invoking microevolutionary processes

alone.

These examples of ecological character displacement offer

strong support for the MS idea that species divergence can be ex-

plained by natural selection and ecological interactions, but this

idea can also receive support from a lack of divergence. For ex-

ample, vicariant speciation would not be expected to produce dra-

matic morphological changes because the resulting sister species

would still largely be in the same environment as the ancestral

populations from which they descended and experiencing ecolog-

ical interactions with the same competitors (or mutualists). Cryp-

tic species present compelling evidence for this process playing

out in nature. For example, in the Gulf of Mexico, multiple vi-

cariant zones have been identified with sister species on either

side that are minorly differentiated or completely cryptic (Port-

noy and Gold 2012). This lack of divergence in the absence of

ecological interactions that might otherwise drive trait evolution

in sympatry also supports CLS’s argument that microevolution-

ary processes are responsible for macroevolutionary patterns.

In 1982, there were few papers that invoked the action of

species selection, leading CLS to write, “…there is as yet no

evidence that species selection has been effective in producing

major morphological trends.” In the decades since, the increased

availability of large, time-calibrated phylogenies, coupled with

advances in statistical methods to detect diversification rate shifts

(e.g., Maddison et al. 2007; Moore and Donohue 2009; Rabosky

2014; although see also Louca and Pennell 2020) have generated

numerous convincing examples of “species-level” selection (e.g.,

Weber and Agrawal 2014) and widespread community accep-

tance of the idea (Jablonski 2008; Rabosky and McCune 2009;

Pennell et al. 2014). However, it is important to note that al-

though there is now evidence that a lineage’s traits may affect

its net diversification rate, the mechanism by which this species

selection is understood to occur is microevolutionary: e.g., self-

incompatibility decreases extinction rates due to avoidance of

inbreeding depression at the population level (Goldberg et al.

2010).

As further validation of CLS’s defense of the MS, we should

note that Charlesworth et al. did not argue that species selection is

nonexistent, but rather that it would be inefficient and is likely to

be less important than microevolutionary processes. The problem

that CLS had with species selection is that the number of lineages

within a clade and their relative turnover rates is necessarily less

6 EVOLUTION 2021



PERSPECTIVE

than the number of individuals in a population, which makes se-

lection on the individual a much more powerful force than se-

lection on the species (Lewontin 1970; Slatkin 1981). Despite

the proposed inefficiency of species selection, CLS recognized

that the vast majority of life on Earth has gone extinct, which

“evidently provides a large opportunity for stochastic events or

selection between species and higher taxa.” The question that re-

mains to be answered is how important is species selection in

evolution? As pointed out by Dietrich (2010), the debate between

micro- and macroevolutionary processes is not a winner-take-all,

but rather a question of degree. Given the immensity of past bi-

ological diversity, no one would dispute that species selection at

some point in time may have driven diversification within a clade.

But is it efficient enough to approach the efficacy of natural se-

lection acting at the individual level?

We have argued above that micro- and macroevolution can-

not be easily decoupled. But beyond this, we believe that do-

ing so reduces our explanatory power of the trends themselves.

Charlesworth et al. wrote that an attempt to decouple these

“seems to neglect the fact that every living or fossil organism

owes its existence to a continuous line of descent going back gen-

eration by generation into the remote past” and that while species

selection “may provide a convenient description of macroevo-

lutionary patterns, these terms should not be identified with

the genetic and ecological mechanisms causing the changes.”

Many empirical studies have shown that there is a clear link

between microevolutionary processes and resulting macroevolu-

tionary patterns (e.g., Kane et al. 2011; Okamoto et al. 2015; Rol-

land et al. 2018; Costa et al. 2019). A classic example comes

from Sewall Wright’s work on artificial selection in guinea pigs.

All species in the family Caviidae have three toes on their back

foot, but through artificial selection on slight variation between

individuals Wright was able to breed laboratory populations with

four toes (Wright 1960). Orzack (1981) noted that if these four-

toed individuals had been discovered in the fossil record, pale-

ontologists would likely have designated them as a new species

(or even a new family!). At the genomic level, Kane et al. (2011),

evaluating protein evolution in the Asteraceae, found that purify-

ing selection was the norm at the interspecific level, with positive

selection only obvious at microevolutionary scales. Furthermore,

the targets of purifying selection remained the same across both

scales. This led Kane et al. (2011) to conclude that macroevolu-

tion “looks very much like ‘repeated rounds of microevolution’”

(quoting Erwin [2000]).

Other studies have gone further, showing that when

macroevolutionary studies ignore microevolution they may come

to incorrect conclusions (e.g., Wakeley 2000; Edwards and Beerli

2000; Li et al. 2018). For example, Li et al. (2018) evaluated

the macroevolutionary pattern of latitudinal diversity gradients

(LDG) using the protracted speciation model, which allows for

different rates of lineage splitting, merging, and conversion. They

demonstrated the same patterns of species richness could be ob-

tained in different ways at the population level; for example,

species at high latitudes may “experience chronic divergent se-

lection and often yield sister species pairs” or may undergo con-

stant “population fragmentation but low completion of species”

(Li et al. 2018). They note that either scenario is consistent with

producing the LDG but invokes very different population-level

processes. Boiling these processes down to speciation and ex-

tinction rates obscures the underlying mechanisms driving these

trends. Ultimately, framing macroevolutionary patterns as the re-

sult of species selection simplifies, but fails to elucidate, the ac-

tual processes that underpin these patterns.

We would like to return to Gould’s book-packing analogy.

Instead of thinking of the relationship of micro- to macroevolu-

tion as books to be packed with words that are unrelated to their

packing, we promote a view of the relationship like that of trees

in a forest. We can study the dynamics of a forest – its scale, its

ecosystem services, soil community composition, etc. – but we

must recognize that a forest only exists as a collection of indi-

vidual trees. We can understand all of these trees together as a

forest in aggregate, but alterations to the forest topology is a re-

sult of processes occurring at the level of the tree. If across vast

timescales we find that larger forests tend to survive longer than

smaller ones, we should not ask about selection on forest size, but

rather inquire as to the conditions promoting tree growth in one

but not the other. In reversing the common phrase, we suggest

that adopting a macroevolutionary perspective divorced from a

microevolutionary one is akin to missing the trees for the forest.

Conclusions: Is PE Kuhnian or
Darwinian?
In the original paper proposing a punctuational view of evolu-

tion, Eldredge and Gould (1972) quoted P.B. Medawar (1969):

“Innocent, unbiased observation is a myth.” In this work, and

more forcefully in Gould and Eldredge (1977), they argued that

much of Neo-Darwinism was a product of the philosophical posi-

tions held by 19th century Victorians. Indeed, they quoted Irvine

(1959), a biographer of Darwin’s, who wrote that Darwin was

“…adding Hooker and Burke to Bentham and Adam Smith.”

Above, we have largely ignored the philosophical perspectives of

both Darwin and the neo-Darwinists, instead focusing our atten-

tion on the theoretical support for the view that macroevolution is

“repeated rounds of microevolution” (Erwin 2000). It is difficult

to untangle the web of history around what is and is not the MS,

especially given that none of the authors of this perspective are

historians or philosophers of science. But we would like, in con-

clusion, to evaluate whether PE, as Gould and Eldredge (1977)

suggested, represents a major revolution in evolutionary biology.
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In the concluding paragraphs of “A Neo-Darwinian Com-

mentary on Macroevolution”, CLS, like Eldredge and Gould

(1972), referenced Kuhn’s conception of science: “Science pro-

gresses more by the introduction of new worldviews… than by

the steady accumulation of information.” In this punctuational

view of history, science – like society – is largely conservative

and resistant to change, until a rapid, intense struggle forces a

paradigm shift. One of us (ZBH), who, unlike Gould, may not

have “learned his Marxism literally at his daddy’s knee” but nev-

ertheless managed to absorb it elsewhere, is sympathetic to this

view (Gould and Eldredge 1977). But it is unclear whether PE –

admittedly with the power of hindsight – caused either a major

paradigm shift or was even that revolutionary.

Ironically, the historical development of PE was gradual.

The roots of the critiques of the MS that would form the basis of

PE were laid decades before Eldredge and Gould (1972), with the

works of von Kölliker (1864), Galton (1892), and Goldschmidt

(1940). Indeed, the concept of species selection was discussed

by Fisher (1958). Rapid, saltational changes that result in speci-

ation – the cornerstone of PE – are not that far from the muta-

tional theories of evolution espoused by Hugo de Vries (1905),

Thomas Hunt Morgan (1905), and William Bateson (1894) in the

late 19th and early 20th centuries. Therefore, if PE can be con-

sidered a revolution at all, it was a protracted one. Furthermore,

as recently concluded by Pennell et al. (2014), while PE gener-

ated interesting discussion, most of its assumptions (such as the

supremacy of cladogenetic change relative to phyletic) have been

abandoned. Irrespective of whether Kuhn’s conception of scien-

tific progress is correct, CLS ultimately concluded that “…it does

not appear… that the theory of punctuated equilibrium should be

accepted as a major revolution in evolutionary biology.”

Punctuated equilibrium, we contend, represents a lineage

of evolutionary thought along a tree of gradual evolution pre-

dating even Darwin. The ancestors of PE include not only de

Vries’ Mutationstheorie and Goldschmidt’s “hopeful monsters,”

but also Wright (1940)’s thoughts on the directionality of mor-

phological evolution with respect to speciation and his concepts

of inter-deme selection. It even contains traces of hybrid ancestry

with Mayr’s ideas on genetic revolutions and his general disdain

for “beanbag genetics” (see Haldane 1964). These philosophi-

cal phenotypes predated PE by decades and were undoubtedly

transitional forms as Gould and Eldredge (1977) frequently cited

them as such. Viewed in isolation – say, without reference to

the lineages that had explored the same state space but gone ex-

tinct – PE would appear as a “revolution”, even if one doomed

to extinction. But taken in historical context, the development of

PE appears quite gradual, with slight modifications on ancestral

conceptions.

Charlesworth et al.’s commentary on macroevolution re-

mains an important defense of the explanatory power of the MS.

In each section, we have extended their arguments with modern

support, demonstrating the staying power of their conclusions.

And though the heated debates of PE have largely faded, con-

tention surrounding the MS and its various detractors remain (see

Laland et al. 2014; Futuyma 2017). The arguments put forward

by CLS – and extended by many others – therefore remain rel-

evant today and are worth revisiting on this 75th anniversary of

the founding of SSE. Despite Gould’s (1980) proclamation that

the MS was “effectively dead” and Rosen (1986) assuring us that

the MS would not still be haunting us, it seems we are left in the

company of Felsenstein (1986), patiently “waiting for a post-neo-

Darwinian theory that has not appeared.”

Box 1: Hybridization, the Modern Synthesis, and me

– E.S. Lehmberg

The ubiquitous and ongoing nature of hybridization, es-

pecially in Animalia, is perhaps one of the more surprising re-

cent discoveries of the Next Generation Sequencing era. Hy-

bridization and subsequent genomic introgression have a vari-

ety of outcomes; some of the more fascinating results are the

formation of new species or the passage of sequences from

one lineage to another. Hybridization, particularly between

deeply divergent taxa, causes us to question where the firm

boundaries between taxa lie and how to even operationally

define species. Despite its pervasiveness, we still know lit-

tle about how hybridization interacts with natural and sexual

selection, providing the opportunity for development of new

models and concepts to account for what was once considered

a quirk of nature rather than an evolutionary force.

Sexual selection has especially interesting consequences

with respect to hybridization: while a chooser can mate with

a partner from another species, isolating mechanisms such as

sexual conflict (competing fitness outcomes between males

and females) can serve to accelerate lineage isolation. In my

own work, I use phylogenetics to answer questions about the

long-term consequences of sexual conflict and its relationship

to frequency of hybridization, and my PhD project lies some-

where on the boundary of both macroevolution and microevo-

lution. My research is focused on exploring the idea that,

while traits under strong selection as a result of sexual conflict

might cause increased rates of diversification (and species

selection), hybridization also has genetic consequences that

are explicitly addressed in the Modern Synthesis (Haldane’s

cline theory; Bateson-Dobzhansky-Muller Incompatibilities)

and can be either immediate or long-term. While we still

struggle to link macroevolutionary patterns with microevo-

lutionary processes, drawing on foundational concepts from

both MS and PE allows me to comprehensively view the in-

teraction between these two natural evolutionary forces.
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When I first read CLS, I immediately recognized its im-

portance for my research, and, after several re-readings, I have

realized the power of the paper is not only in the explicit

links the authors make between macro- and microevolution

but also in the authors’ ability to deconstruct an argument and

place it within a pre-existing framework. As an early career

researcher, this skill is something I am still developing, so this

paper is doubly valuable to me, both in its structure and its

content. Finally, re-examining CLS 39 years after it was writ-

ten gives me perspective on where we are now as a field and

where we could, and should, go. It is truly wild to me that – a

little less than a hundred years after Huxley’s Modern Synthe-

sis – not only can we take this once-revolutionary set of ideas

for granted, but we can now directly test the theory laid out

in the modern synthesis on massive scales; our ability to gen-

erate massive genomic data presents an opportunity to firmly

and empirically link micro- and macroevolution and further

explore the universes contained within our own genomes.

We know so much and yet so little. That is what keeps

me here and searching and learning, on the shoulders of giants

who came before us.

Box 2. Speak, Ancestors!: The continuity of all life

–Z.B. Hancock

From the opening pages of Nabakov’s 1947 autobiogra-

phy, Speak, Memory!, we are filled with the chronophobiac’s

dread of existence as a “brief crack of light between two eter-

nities of darkness.” But this ignores that, within each of us, is

written the entire history of life – that all of existence is con-

nected via our shared ancestry. I became an evolutionary biol-

ogist because it provided me a way to step-out of Nabakov’s

nightmare. Viewed through the lens of Darwin, existence be-

comes a vast expanse of light, a 3.5-billion-year thread that

connects all life, living and extinct. Nevertheless, there seems

to be a persistent trend within the community of neatly parti-

tioning timescales into “micro” or “macro”. While this may at

times be for convenience, others (reviewed in this Perspective)

have argued that this disjunction is real – that evolutionary

processes between these timescales are fundamentally differ-

ent.

The 75th anniversary of the founding of the Society for

the Study of Evolution is an excellent time to appreciate the

“grandeur in this view of life” that there is an inseparable

thread of existence between all levels of biological organi-

zation. And I can think of no better promotion of this view

than Charlesworth, Lande, and Slatkin’s (1982) paper in Evo-

lution. Despite punctuated equilibrium as a theoretical frame-

work having largely been discarded, their paper remains influ-

ential as it foreshadowed much of the work on the continuity

of evolution into the 21st century. As a young graduate stu-

dent, I appreciated not only their ardent defense of the MS,

but the elegant way in which they dissected each argument of

PE in light of population-level processes.

Encountering CLS as a graduate student inspired me to

reject the artificial division between micro- and macroevolu-

tion; ultimately, this worldview of the continuity of life led

me to find ways to demonstrate the reliance of macroevolu-

tionary trends on processes acting within populations in my

own thesis work. Using amphipod crustaceans, I found that

differences in beach partitioning, likely due to competition

between species occupying the same beach, led to differences

in dispersal distances and ultimately greater rates of speci-

ation (Hancock et al. 2019). In a second study, combining

simulations and an empirical dataset of Brazilian endemic

lizards, I found that a history of isolation-by-distance in the

ancestral population of descendant species left a signature on

inferred node ages across the tree (Hancock and Blackmon

2020). Finally, in a review on the impacts of continuous space

on phylogenetics, we showed that spatial processes within

populations impacted all facets of inference, clearly linking

the dynamics of the population with trends between species

(Hancock et al. 2021). As a postdoc, I have expanded my re-

search to include the study of the more recent past, working to

develop demographic models that accommodate both spatial

and temporal aspects of genetic drift. But coalescence is both

a within and between population process, and a future goal

will be to extend these models to incorporate modes of speci-

ation and, ultimately, project lineage survivability and disper-

sal trajectories on changing landscapes into the future.

This Perspective is, in many ways, a homage to CLS as

the torchbearers of the past, but also a celebration of a view of

evolution promoted by them and other defenders of the MS:

that evolution is a bottom-up process, driven by populations

of individuals each interacting with one another and their en-

vironment, and ultimately that these dynamics are written in

the genes of all life.
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